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Preface 


Volume 46 of Advances in Heterocyclic Chemistry is an “Index Volume.” 
It contains a cumulative index of the titles of articles which have appeared 
in the series (Volumes 1-45), and a cumulative index of authors who have 
written these contributions. Additionally it contains a subject index covering 
Volumes 41-45, which can be used in conjunction with the subject index in 
Volume 40 (which covers Volumes 1-40). It is hoped that the provision of 
these indexes will help enhance the value of the series. 

Apart from these indexes, the present volume contains four chapters span¬ 
ning a wide range of heterocyclic chemistry. “1,5-Diazocines” by Perlmutter, 
continues his coverage of important eight-membered heterocycles (cf. 
“Azocines” in Volume 31, and “1,4-Diazocines” in Volume 45). Charushin, 
Alexeev, and Chupahkin from the Soviet Union, and Van der Plas from 
Holland cover reactions of 1,2,4-triazines with nucleophiles, a subject to which 
they bring much expertise. 

There have been enormous developments in organo-boron chemistry dur¬ 
ing the last few decades, but boron-containing heterocycles are still somewhat 
rareties. The field is ripe for exploitation, and the chapter on this subject by 
Terashima and Ishikura should help in this respect. 

Finally, Kadaba has contributed the first comprehensive review of the exten¬ 
sive chemistry of 1,2,4-triazolines. This chapter will complement the earlier 
review {Advances, Volume 37) on 1,2,3-triazolines by Kadaba, Stanovnik, and 
Tisler. 


Alan R. Katritzky 
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I. Scope and Nomenclature 

This article covers eight-membered rings with two nitrogen atoms in a 
1,5-position to each other (1), and their fused-ring analogues. Excluded 
from this chapter are (a) fused-ring analogues in which both nitrogens 
form part of a fusion bond (e.g., 2), and (b) structures in which nonadja- 
cent ring atoms are linked by a bridge (e.g., 3 and 4). 

The nomenclature of 1,5-diazocines is similar to that for azocines 
(82AHC115) and 1,4-diazocines (89AHC185), especially the latter. The 
completely conjugated compound (5) is called 1,5-diazocine. The partial¬ 
ly saturated derivatives are prefixed dihydro-, tetrahydro-, etc. The 
totally saturated compound is called perhydro-l,5-diazocine, or 1,5- 
diazacy clooctane. 



3 



II. Preparative Methods 

A. Via Ring Closure 

1. Nucleophilic Displacement by Amines on Electrophilic 
Carbon 


Yost and Margerison treated the halocyanoamide 6 with three equiva¬ 
lents of lithium aluminum hydride and obtained 1,5-diazocine 7 (R = H, 
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CI(CH,)2CNMe(CH,),CN 



6 


R' = Me) (64FRP1378964; 66USP3247206). Gatta and Landi-Vittory re¬ 
acted A^-phenyl- and A^-benzyl,A^-(3-chlorophenyl)anthranilamides with 
potassium carbonate and isolated 1,5-benzodiazocinones 8 (70FES830). 
The bisamide 9 was reductively cyclized using diborane to afford the dia- 
zocine 10 (70USP3488345). 



2. CycHzation of Amino Aldehydes and Amino Ketones 

Several groups have synthesized 1,5-benzodiazocines by this route. 
Some of these compounds have been pharmacologically useful (see Sec¬ 
tion V). Sulkowski (66USP3294782), Fryer and co-workers (69JOC179; 
70GEP1920908), and Steinman and Topliss (69JPS830) reported that the 
cyclization of protected aminoketoamide 11 (R = Me, R' = Cl, R^ = 
NHCOOCH^Ph) with hydrobromic acid afforded diazocinone 12 (R = 
Me, R' = Cl). Sulkowski also reported that 12 (R = H, R' = Cl) was 
prepared by this route. However, Fryer and co-workers (69JOC179; 
70GEP1920908) and Denzer and Ott (69JOC183) tried to repeat the prepa- 
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ration of the latter unmethylated compound, but found that the product 
was in fact a dimer. Fryer and co-workers postulated a 16-membered ring 
as the dimer structure, but could not exclude structure 13 as a possibility 
(69JOC179; 70GEP1920908). Yamamoto and co-workers treated the un¬ 
protected analogue of 11 (R = Me, R' = Cl, R^ = NHz) with hydrogen 
chloride in pyridine and also obtained 12 (R = Me, R' = Cl) (71JAP71/ 
04176). This same group oxidized indole 14 with chromic oxide, and, 
without isolation, heated the resulting solid, presumably 11 (R = Me, R' 
= Cl, R" = NH 2 ), to produce 12 (R = Me, R' = Cl) (71JAP71/04177). 
Bogatskii et al. cyclized the ketochloropropionamide 11 (R = H, R' = 
Cl, Br; R^ = Cl) with ammonia to produce 12 (R = H, R' = Cl, Br), 
presumably via the aminoamide 11 (R = H; R* = Cl, Br; R^ = NH 2 ) 
(72KGS1705). 



Steinman and Topliss reductively cyclized the cyanoketoamide 15 (R 
= H, Me) to give 16 (R = H, Me). The reduction of 15 (R = H) afforded 
the intermediate amino compound, which was then cyclized; but 15 (R = 
Me) spontaneously cyclized to product upon reduction (69JPS830). De- 
rieg et al. also cyclized 17 (R = H, R' = R^ = Cl) to obtain 18 (R = H, 
R' = Cl). The N-methyl compound 17 (R = Me, R' = R^ = Cl) was 
converted directly into the diazocine 18 (R = Me, R‘ = Cl) without iso¬ 
lating intermediates, by treatment with potassium iodide followed by am¬ 
monia (69JOC179; 70GEP1920908). Gatta and Chiavarelli cyclized 17 (R 
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= Ac, R' = H, R"' = NH,) to yield 18 (R = Ac, R' = H). Deacylation 
afforded 18 (R = R' = H) (77FES33). Interestingly, these workers ob¬ 
tained precursor 17 (R = Ac, R' = H, R^ = NH^) by ring opening an 
indole, whereas Derieg et al. started with a benzodiazepine to obtain the 
precursor 17 (R = H, R' = Cl, R' = NH^) (69JOC179; 70GEP1920908). 



Singh and Mehta heated an enamine postulated as either structure 19 
or 20 with concentrated sulfuric acid and obtained the cyclopentenodia- 
zocinethione 21 (77IJC(B)786). Topliss and co-workers reductively cy- 



21 
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dized nitro ketone 22 (R = Cl, R' = = H, R* = NO 2 ) to afford the 

dibenzo^h^-l,5-diazodne 23 (R = Cl, R' = R"' = H) (67JMC642; 
68USP3409608). The same reactions were carried out by Bogatskii et al., 
who cyclized molecules of type 22 directly (R^ = NH 2 ) or reductively (R^ 
= NO 2 ) to obtain 23 (R = H, Me, Cl Br; R' = H, NO 2 ; R" = H, o-Cl, 
p-Cl) (80MI3; 82UKZ1077). 



22 23 

Interesting heterocyde-fused 1,5-benzodiazocines have been prepared. 
Two different groups have synthesized triazolo-l,5-benzodiazocines 24 
by cyclization of triazolobenzophenones 25 (74JAP74/85095; 80JMC392), 
while pyrazolo-l,5-benzodiazocines 26 (R = Me, Ph) have been isolated 
by cyclization of 27 (R = Me, R' = NH 2 ) and by reductive cyclization 
of 27 (R = Ph, R' = NO 2 ) (79JHC935). 



R=Me, CH,NMe, 
24 



26 27 
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3. CycHzation of Amino Carboxylic Acids and Related 
Compounds 

Cyclization of l,l-28 in methanol afforded the optically active bislac- 
tamdicarboxylate 29 (74MII). Reductive cyclization of 3-(iV-cyanoethy- 
lamino)-!-propylamine using sodium in butanol yielded 1,5-diazocine 7 (R 
= R' = H) (51ZOB268). A number of 1,5-diazacyclooctanes 7 (R = alk, 
R' = H) were prepared by similar reductive cyclization of N- alkyl,A^,A- 
bis(cyanoethyl)amines using hydrogen and Raney nickel catalyst 
(54ZOB163; 66MI1). 

HjNCH(COOMe)CH,CONHCH(COOMe)CH,COOC,CI,-HBr 

28 



29 


Treatment of amino acids 30 with ethyl chloroformate in trimethylam- 
ine yielded the 1,5-benzodiazocinediones 31 (70FES991). Two groups cy- 



R =Ph,CHjPh 
30 


clized 2-aminobenzophenonecyanoethylimines 32 with acid to obtain the 
amidines 33 (R = H) or 34 (71GEP2024472; 79CPB2589). Greve et at. 
treated 32 (R = Me; R' = H, Me; R" = R^ = R" = R" = R" = H; R' 
= NOj, Cl, CFj) with hydrogen chloride in benzene and obtained the 
corresponding compound 33 (71GEP2024472). Natsugari et al. reacted 32 
(R = H; R* = R^ = H, alkyl; R'-R" = H, Cl, OR, R, CF 3 , NO^) with 
methanolic hydrogen chloride to get the appropriately substituted 
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compound 33 (79CPB2589). The latter group reported some interesting 
reactions of N-oxides of 33 with phosgene (see Section IV,A). Thomae 



33 34 

prepared dibenzodiazocine 35 [R = Et 2 N(CH 2 ) 2 , R‘ = H] by cyclization 
of A^-[A-(2-diethylaminoethyl)anthranoyl]anthranilic acid with dicyclo- 
hexylcarbodiimide (DOC) (67FRP1497272). p-[A^-(o-Aminophenyl)pyrro- 
lyllpropionic acids were cyclized in thionyl chloride to afford pyrrolo- 
1,5 -benzodiazocines 36 (81JHC1153). Gatta and Ponti cyanoethylated the 
substituted indole 37 at the indole nitrogen. Hydrolysis of the resulting 
nitrile to the carboxylic acid was followed by cyclization to the indoloben- 
zodiazocine 38 (81MI1). 



R = Ac, CoEt 
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37 38 


Heating the hydroxybenzotriazinone 39 for prolonged periods in dig- 
lyme yielded a mixture, which, according to mass spectral analysis, con¬ 
tained diazocine 40 and a series of polymeric diazocines 41. These com¬ 
pounds were said to arise from the anthranoyl derivative of 39 (42) which 
is formed by shorter duration heating of 39. Compound 42 was postulated 
to undergo self-anthranoylation by another molecule of 42 to produce am¬ 
ide 43, which can be cyclodehydrated to 40, or react repeatedly with 42 
to yield polymer 41 (77CJC630). 


O 
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4. Cyclization Involving Carbon-Carbon Bond Formation 

Cyanoaminoamides 44, when treated with potassium /ert-butoxide, af¬ 
forded 1,5-diazacyclooctan-2-ones 45 (85HCA750). Milkowski and co¬ 
workers, in a series of papers, cyclized a number of 2-substituted N- aryl- 
A/'-aroyl-l,3-propandiamines with phosphorus oxychloride to obtain the 
1,5-benzodiazocines 46, along with the pharmacologically more useful 


RCH,CONR'(CH,),NH(CH,),CN 
R = R’s Me 

R = nCjH„, R’ H nC,H„ 
44 




RrH; Me; PhCH, 

R'sOH; OAc; OCOPh; Cl 

Ar=Ph; 2halC,H^;2, 4CI,C,H,; 3, 4 Cl, C.H,; 3CF,C,H^: 

2CF,C,H,;3,4, 5 (OMe),C,Hj; 2-furyl; 2, 6 F, C,H, 
R^=H; a; Br; NO, 


46 


ring-contracted 1,4-benzodiazepines (73GEP2221558; 74GEP2314993, 
74GEP2353165; 76GEP2520937, 76Mn, 76M12; 85MI1). The diazocines 
could be rearranged into the benzodiazepines (see Section IV,D). The N- 
pyrazolylbenzamide 47 was treated with phosphorus oxychloride to yield 
the benzopyrazolodiazocine 48 (82MI1). 



47 


48 
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B. Via Ring Expansion 

1. Schmidt or Beckmann Rearrangement of 

Cyclohexanediones or Cycloheptanones or Their Oximes 

Weygand and Dietrich treated diethyl cyclohexane-l,4-dione-2,5-dicar- 
boxylate with hydrazoic acid and obtained diazocine 49 (R = COOMe) 
(54CB482) (For a discussion of the chemistry of 49, see Section V.) Koy- 
ama and co-workers attempted the Beckmann rearrangement of the dito- 
sylate of cyclohexane-1,4-dionedioxime, but obtained no diazocine 
(61CPB834). Schmidt reaction of the dione itself using hydrazoic acid af¬ 
forded a crude mixture believed to be mainly the 1,5-diazocine 49 (R = 
H) and a small amount of the isomeric 1,4-diazocine (89AHC185); how¬ 
ever, purification yielded only 49 (R = H), as evidenced by its hydrolysis 
to 3-jilanine (61CPB834). About the same time, Rothe and Timler re¬ 
ported obtaining 49 (R = H) by both Schmidt and Beckmann rearrange¬ 
ment of cyclohexane-1,4-dione and its dioxime, respectively (62CB783). 
Meanwhile, Sekiguchi subjected cyclohexane-1,3-dione to typical 
Schmidt rearrangement conditions and obtained 1,5-diazocinedione 50 (R 
= R' = H) along with triazolodiazocine 51 (65BSF691), [Very small 
amounts of the corresponding 1,4-diazocines were also isolated 
(65BSF691; 89AHC185).] Iwakura et al. obtained 50 (R = R' = H) by 




Beckmann rearrangement of cyclohexane-1,3-dione. Methyl (50, R = 
Me, R' = H) and dimethyl 50 (R = R' = Me) derivatives were also 
prepared from 5-methyl- and 5,5-dimethylcyclohexane-l,3-dione, respec- 
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lively. [Polymerization of these diazocines was also reported; see Section 
IV,E) (73MI1).] Misiti et al. treated benzazepinone 52 with sodium azide 
in acid and obtained a small amount of 1,5-benzodiazocinone 53, in addi¬ 
tion to a 1,4-diazocine (73JHC689; 89AHC185). 



Rydon et al. reacted 9,10-anthraquinonedioxime with hot polyphosph- 
oric acid and achieved a Beckmann rearrangement that afforded diben- 
z[6J]-l,5-diazocme-6,12-dione (54, R = H). Similar reaction of 1,5-dichl- 
oroanthraquinone yielded mainly the dichloro derivative 54 (R = Cl) 
(plus a benzimidazoisoindolone). These results showed that the dioximes 
must have been trans.trans (or mostly trans.trans, in the case of the 
dichloro- compound), or else isomeric 1,4-diazocine 55 (89AHC185) 
would have formed instead (57JCS1900). The aforementioned Beckmann 
rearrangement to form 54 (R = H) was repeated by Aubagnac et al., who 
also reported some chemistry of the N,N'-dimethyl derivative of 54 (R = 
H; also 35 R = R' = Me) (see Section IV,E) (72BSF2868). Costa et al. 
also reported this reaction, along with an interesting rearrangement of 54 
(R = H) (also 35 R = R' = H) (see Section IV,C) (79MI1). 



2. 0-Bridge Opening of Bicyclo [3.3.0] Compounds 

One of the more frequently reported routes to 1,5-diazocines involves 
reductive nitrogen-nitrogen bond cleavage of N,N'-trimethylenepyrazoli- 
dines (56) to yield 57. This reaction was first reported by Wiselogle and 
co-workers, who reacted 2 mol of trimethylene bromide or chloride with 
1 mol of hydrazine. They obtained, in addition to 56 (R = R' = H) and 
pyrazolidine, the corresponding ring-opened compound 57 (R = R‘ = H) 
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(43JA29). The same product was obtained by Stetter and Spangenberger 
by Raney nickle-catalyzed hydrogenation of S6 (R = R‘ = H) 
(58CB1982). 

Two groups reported cleaving the N-methyl derivative of 56 (R = H, 
R‘ = Me) with aluminum amalgam to isolate 57 (R = H, R' = Me). [This 
compound underwent reaction at the unsubstituted nitrogen (see Section 
IV,B) to give useful products (see Section IV,B) (62BEP610039; 
63BRP926624).] Grob and Schier, using this N—N cleavage method, pre¬ 
pared a series of N-substituted derivatives of 57 [R = H; R‘ = Et, Me, 
(CH 2 ) 30 H,(CH 2 ) 30 Ph,(CH 2 ) 20 H, n-C.jHjj). They used either aluminum 
amalgam or lithium aluminum hydride to reduce 56 (61GEP1104516). The 
N-hydroxyethyl derivative [57, R = H, R' = (CH 2 ) 20 H] was prepared 
by reacting p-hydroxyethylhydrazine with 2 mol of trimethylene bromide, 
followed by Al(Hg) reduction of the resulting 56 [R = H,R‘ = (CH 2 ) 20 H] 
(65SZP393342). However, these same workers N-alkylated 56 (R = R' = 
H) with a-chloroacetamide and then reduced the product to obtain 57 (R 
= H, R' = CH 2 CONH 2 ) (67SZP416654). Weigert reduced 56 (R = 
CH 2 CN, R' = H) with Raney nickel to afford 57 [R = (CH 2 ) 2 NH 2 , R' = 
H] (78JOC622). 



58 59 


Moldaver and Papirnik hydrogenated the cyclic hydrazide 58 (W = X 
= O, Y = Z = H 2 , R'-R'* = Et) with Raney nickel and obtained 59 (X 
= H 2 , R'-R"' = Et) (71 KGS 1097). Kemp et al. reduced tetraoxo com¬ 
pound 58 (W = X = Y = Z = O, R'-R'* = Me; R'-R’ = Me, R' = 
CH 2 OH; R‘ = R' = Me, R' = R'* = CH 20 CH 2 Ph) with diborane to afford 
the correspondingly alkylated diazocines 59 (X = Hj) (68TL513). The 
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bis(benzyloxymethyl)diazocine 59 (X = Hj, R' = = H, R^ = R'* = 

CHjOCHjPh) was used to make novel caged compounds containing the 
1,5-diazocine ring (see Section IV,A) (68TL547). In related work, Kemp 
et al. devised an alternate route to 1,5-diazocines by sodium and ammonia 
reduction of hydrazide 58 (W = Z = ; X = Y = O; R'-R^ = Me; R" 

= Me, CHjOCHjPh, H, Ac, THE) to yield the corresponding diazocined- 
iones 59 (X = O). However, under the reaction conditions, the benzylox- 
ymethyl- and acetyl-substituted 59 underwent debenzylation and deacyla¬ 
tion, respectively (79JOC4473). Kosower and Pazhenchevsky 
hydrogenated 60 to afford 1,5-diazocinedione 61 (80JA4983). 



62 63 

An interesting reaction was reported by Evnin et al., who pyrolyzed 
the azo-bridged pyrazolidine 62 and obtained 1,5-diazocine 63 
(69TL4497). 

3. n-Bridge Opening of Bicyclo[3.3.n]alkanes (n ^ 1) 

Denzer and Ott prepared the benzodiazabicyclo[3.3.1]nonanes 64 by 
reactions of 1,2,3,4-tetrahydroquinazolines with acrylates. The methyl¬ 
ene bridge in 64 was removed with acid to yield 1,5-diazocines 65 (R = 
H) (69JOC183; 71USP3577557; 73USP3741969). In addition, 64 (X = Cl) 
was hydrogenolyzed to give 65 (X = Cl, R = Me) {69JOC183). 

Spielman corrected the structure originally proposed by Trbger for the 
compound formed by acid-catalyzed condensation of formaldehyde with 
p-toluidine. Spielman’s proposed structure (66, R' = Me, R^ = R^ = H) 
was supported by the reaction of 66 (R' = Me, R^ = R^ = H) with acetic 
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X = H, Cl, Br, NOj, CF, 


anhydride, benzoyl chloride, or nitrous acid to give 1,5-diazocines 67 (R' 
= Me, = R’ = H, R" = R= = Ac), 67 (R‘ = Me, R" = R^ = H, R" 
= R' = PhCO), or 67 (R' = Me, R" = R^ = H, R" = R^ = NO), respec¬ 
tively (35JA583). [Note that compounds of type 67 were often called te- 
trahydrophenhomazines (e.g., see 63HCA2970).] Iwao and Tomio simi¬ 
larly treated 66 (R' = R^ = CH^Ph, R^ = H) with acetic anyhdride and 
obtained 67 (R‘ = R" = CHjPh, R" = H, R'* = R^ = Ac) (56MI2). 

Various N-alkylated dibenzo-l,5-diazocines were synthesized by reac¬ 
tion of Trdger’s bases with various alkylating agents. For example, reac¬ 
tion of 66 (R* = Me, R^ = R^ = H), 66 (R' = MeS, R^ = R’ = H), 66 
(R' = R' = Me, R" = H), and 66 (R‘ = OMe, R^ = R^ = H) with 
dimethyl sulfate and alkali afforded the corresponding diazocines 67 (R"* 
= R^ = Me, R^ = R^ = H, R‘ = various). Reaction of 66 (R* = Me, R^ 
= R^ = H) with allyl and benzyl bromide gave 67 R' = R”* = Me, R^ = 
r 3 = H, R' = allyl) and 67 (R' = R" = Me, R" = R' = H, R’ = PhCH^), 
respectively. Reaction of 66 (R’ = Me, R^ = R^ = H) with benzyl bro¬ 
mide followed by methanol afforded 67 (R‘ = Me, R^ = R^ = H, R"* = 
CHjPh, R^ = CHjOMe) (63HCA2970). Greenberg et al. reported that the 
dimethylated Trdger’s base 68 (R = Me) exists as the “open” isopropyli- 
dene iminium ion 69 (R = Me) in concentrated acid (84JOC1127). 
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Jones et al. found that the diazabicyclo[3.3.3] undecane 70 (prepared 
from 1-nitropropane, formaldehyde, and ammonia) is cleaved in acid to 
give formaldehyde, 1-nitropropane, and 1,5-diazocine 71 (56M11; 
57RC101). Williams prepared the oxadiazabicyclo[3.3.1]nonanes 72 by 
acid-catalyzed dimerization of N-substituted p-amino-a,a-dimethylpropi- 
onaldehydes. Lithium aluminum hydride deoxygenation of 72 (R = Me, 
CHjPh) afforded the diazocines 73 (R' = R' = Me, R = Me, CH^Ph). 
Compound 73 (R' = R^ = Me, R = CHjPh) is further hydrogenolyzed 
to 73 (R‘ = R^ = Me, R = H). Use of appropriately substituted p-amino- 
propionaldehydes afforded variously substituted compounds 72, which, 
on reduction, gave 73 (R = H; R‘ = R^ = Et, /j-Pr, n-Bu), 73 (R = H; R‘ 
= Et; R" = n-Bu, n-Pr), and 73 (R = H, R' = Me, R' = Ph) (68JOC3946; 
70USP3503939). Diazocine 73 (R = H, R' = R^ = Me) was polymerized 
(see Section V). 



72 


73 


4. Other Ring-Expansion Methods 

Shenoy treated 1,4-benzodiazepine JV-oxides 74 (or related quinazoline 
3-oxides) with either acid (74, R = alkyl, R' = H) or base (74, R = alkyl, 
aryl; R‘ = H, CHjOH) and obtained pharmacologically useful (Section 
V) 1,5-benzodiazocine iV-oxides 75 (75BRPI413599; 76GEP2525094, 
76GEP2627461). When the seven-membered lactone 76 was treated with 
sodium hydride, a ring-expansion/dimerization occurred, affording 1,5- 
benzodiazocinedione 35 (R = R' = o-HOC^HJ (66JHC527). 
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R' H H, Me, Et, n - Pr, Ph, 2-furyl 
R’ = H, CH.OH 



A number of ring-opening reactions have resulted in 1,5-diazocine for¬ 
mation. De Diesbach and Frossard treated the naphthindole derivative 77 
with ammonia in methanol and obtained diazocine 35 (R = R' = COPh) 
(54HCA701). Ege et al. photolyzed the quinazolinobenzotriazine 78 in 
inert solvent and obtained imide 79, assertedly via azetoquinazoline 80. 
If 78 is photolyzed in nucleophilic solvent, diazocines 81 (R = Nuc) are 
formed along with 79 (72CB2898). (For another interesting route to 79, 
see Section IV,C.) 
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80 81 


Another interesting photochemical rearrangement was reported by 
Katsuyama and co-workers, who prepared spiro(indolineisoxazolines) 82 
and 83 by 1,3-dipolar cycloaddition of 2-methyleneindolene derivatives 
84 with mono- and bis(hydroxamic chlorides), respectively. Photolysis of 
82 and 83 (R' in both = H, Cl, OCOEt, NO^; R' = H, Cl) resulted in 
formation of correspondingly substituted diazocines 85 and 86, respec¬ 
tively (72GEP2207291; 78MI1). Photolysis of the polyspiro(indoleneisox- 
azolines) 87 resulted in isolation of novel poly(l,5-benzodiazocines) 88. 
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These compounds were investigated for their photoconductivities (see 
Section V) (78MI1). More recently, Schneiders et al. prepared the com¬ 
pletely conjugated 1,5-diazocines 89 and 90 by thermolysis of diazasemi- 
bullvalenes 91. Photolysis of 91 (R = R' = H) afforded both double bond 
isomers 89 (R = R' = H) and 90 (R = R' = H), while reaction of 91 (R 
= Br, R' = H, or Br) resulted in the formation of the single isomer 89 
(R = Br, R* = H or Br). The isomers 89 (R = R‘ = H) and 90 (R = R' 
= H) could not be separated, but if the dianion of this mixture was treated 
with iodine or oxygen at low temperatures, pure 89 (R = R' = H) was 
isolated. Warming of a solution of this material to room temperature rees¬ 
tablished the equilibrium mixture (85AG579). 

1,5-Diazocines have been prepared by reaction of small rings with un¬ 
saturated compounds. Wegener reacted ^-lactams 92 [R = Me, H; R‘ = 
H; RR' = (CH 2)4 ; R^ = H] with acrylonitrile and alkali. Subsequent cata- 



91 


lytic hydrogenation yielded 1,5-diazocinones 93 [RR* = — (CH 2)4 —, R^ 
= R' = H] (70GEP1802207). Crombie et al. reported that N-haloalkyl-4- 
substituted azetidin-2-ones 92 [R = Ph, / 1 -C 5 H,,, n-C,!!,,; R' = H; R^ = 
(CHjljhal] underwent transamidation in the presence of liquid ammonia 
to afford the ring-expanded 1,5-diazocinones 93 (R = Ph, n-CjH,,, n- 
CyH„-, R' = R^ = r 3 = H). Similar reaction of 92 (R = Ph, R' = H, R' 
= CHjCHjCHBrMe) yielded 93 (R = Ph, R‘ = R’ = H, R' = Me). 
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When 92 [R = Ph, R‘ = H, R^ = (CH 2 ) 3 Ci]) was treated with primary 
amines such as ethyl- or allylamine instead of ammonia, diazocines 93 (R 
= Ph, R' = R^ = H, R^ = Et, allyl) resulted. These reactions were 
found to proceed via aminoalkyl intermediates 92 (R = Ph, R' = H, R^ 
= aminoalkyl), some of which, when isolated, underwent spontaneous 
transamidation to afford 93 (83CC959). [This interesting reaction 
(82TL465) was used in the preparation of the alkaloid homaline (see Sec¬ 
tion II,D).] 



92 93 

Barluenga et al. reacted I-alkyl-3-phenyl-3-(A^-alkylamino)-2-propen-l- 
oneimines with dichlorodiphenylsilane and triethylamine and obtained di- 
azasilacyclohexadienes 94. The sila compounds underwent ring expan¬ 
sion and rearrangement with dialkylacetylenedicarboxylates to give silyl- 
substituted 1,5-diazocines 95 (86AG190). 




R : Ph,p-tolyl,cyctohexyl 
Ar= Ph,p-«olyl 


C. Via Condensation Reactions 

1. Condensation of Amines with Saturated Electrophilic 
Carbon 

Marckwald and von Droste-Huelshoff treated the bis(p-toluenesulfo- 
namide) of 1,3-propanediamine with alkali, followed by trimethylene bro¬ 
mide, and obtained diazocine 7 (R = R' = Ts) (1898CB3264). Shortly 
thereafter, Howard and Marckwald reported obtaining the free base 7 (R 
= R‘ = H) by reacting the bistosyl derivative of 7 with hydrochloric 
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acid (1899CB2038). Earlier, Gabriel and Weiner reported isolating a base, 
, by heating 7 -bromopropyiamine with alkali (1888CB2669), but 
this was described as a primary amine (1896CB2381), and was found by 
Howard and Marckwald (1899CB2031) not to be the same as 7 (R = R' 
= H) reported by them (1899CB2038). Gabriel and Stelzner claimed 96 as 
the structure of the salt obtained by heating iV-("y-bromopropyl)piperidine 
(1896CB2381). However, Knorr and Roth heated A^-l-y-chloropropyOdi- 
methylamine in alkali and reported obtaining diazocine 97 (R = Me) 
(06CB1420). Moreover, Hdrlein and Kneisel treated A^-("y-chloropropyl)- 
piperidine with alkali and isolated a product having structure 97 [RR = 
(CH 2 ) 5 ] (06CB1429), not 96 as postulated earlier by Gabriel and Stelzner 
(1896CB2381). In later work, von Braun and Goll prepared salt 98 by re¬ 
action of tetrahydroisoquinoline with trimethylene bromide to give N,N- 
trimethylenebis(tetrahydroisoquinoline), followed by reaction of this 
product with more trimethylene bromide (27CB339). (For ring-opening 
reactions of these salts, see Section IV,E.) 



97 98 



99 

RrMe.El.i-Pr.Ph 

Mikolajewska heated alkylbis( 7 -chloropropyl)amines with ethanol- 
amine in the presence of sodium bicarbonate and obtained the hydroxye- 
thyl-l,5-diazocines 7 (R = CH^CH^OH; R’ = Me, Et, i-Pr, PhCHj) 
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(71MI1). A^,N'-dialkyl-1,3-propanediamines were condensed with tri¬ 
methylene bromide to afford substituted diazocines 7 (R = CH^Ph; R‘ = 
Et, «-Bu, CHjPh) (75MI2). Bismethylenediazocines 99 were prepared by 
treating 3-halo-2-halomethyl-l-propenes with primary amines, or by con¬ 
densing 3-iodo-2-iodomethyl-l-propene with N,N'-substituted 3-amino-2- 
aminomethyl-1-propenes (77ZC174). 

A Mannich-type condensation (see also Section II, C, 4) of nitroalkanes 
with formaldehyde and ammonia provided an entry into 3,7-dinitro-l,5- 
diazocines. Urbanski and co-workers mixed 1 mol of nitroethane with 1 
mol of ammonia and 1 mol of formaldehyde and obtained the dinitrodihy- 
droxyamine 100. This compound reacted with ammonia to give substi¬ 
tuted 1,5-diazocine 101 (R = Me, R' = H) (52RC182). [For a review 
containing the synthesis, properties, and synthetic use of nitroparaffins, 
including diazocines, see (54MI1).] When 2-nitro-2-ethyl-l,3-propanediol 
was treated with ammonium hydroxide, the diazocine 101 (R = Et, R' = 
H) resulted (58JCS2319). In addition, condensation of 2-nitro-2-/i-propyl- 
1,3-propanediol with ammonia afforded 101 (R = n-Pr, R' = H) 
(55RC379). The diethyl derivative (101, R = Et, R‘ = H) was also pre¬ 
pared by ring opening of a diazabicycloundecane (see Section II,B,3). 



A number of diazocinediols have been prepared by reaction of amines 
with epoxides or haloalcohols. Paudler et al. condensed l,3-dibromo-2- 
propanol with p-toluenesulfonamide anion and obtained trans-diol 102 (R 
= R* = Ts, R^ = H), whereas reaction of 1,3-bis (p-toluenesulfonamido)- 
2 -propanol with epichlorohydrin afforded both trans and cis isomers of 
102 (66JOC277). Reaction of methallyl chloride oxide with p-toluenesulfo- 
namide in base yielded the diastereomeric diols 102 (R = R‘ = Ts, R^ = 
Me) (67JOC2425). (For reactions of these compounds, see Section IV,A.) 
Piper et al. condensed M^'-trimethylenebis (p-toluenesulfonamide) dia¬ 
nion with epichlorohydrin and obtained diazocinol 103 (75JMC803). Gaert- 
ner cyclodimerized N-substituted 2,3-epoxypropylamines and obtained a 
number of diols 102 (R = R' = r-Bu, t-Oct, Ph; R^ = H). The tert-butyl 
compound was shown to be the trans isomer. 

Support for these structural assignments was obtained when reaction 
of bis(2,3-epoxypropyl)-/grt-butylamine with tert-butylamine and reaction 
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of 1,3-bis (/er/-butylamino)-2-propanoi both afforded diazocine 102 (R = 
R‘ = /-Bu, R^ = H), probably via acyclic intermediate 104 (which was 
never isolated as a pure compound). This bis(halohydrin)amine 105, when 
reacted with tert-butylamine, gave 102 (R = R' = /-Bu, R^ = H) directly. 
Also, N,N-bis(2,3-diepoxypropyl)aniline, when reacted with aniline, 
yielded 102 (R = R' = Ph, R^ = H). Mixed condensations were also 
performed by Gaertner. Although 2,3-epoxypropyl-/er/-butylamine re¬ 
acted with )V-(2,3-epoxypropyl)aniline to afford only a trace of 102 (R = 
r-Bu, R' = Ph, R^ = H), this compound was readily obtained by reaction 
of bisi(2,3-epoxypropyl)aniline with terr-butylamine or by reaction of 
bis(2,3-epoxypropyO-tert-butylamine with aniline. In a similar way, dia¬ 
zocine 102 (R = n-Bu, R‘ = Ph, R' = H) was obtained (66USP3236837; 
67T2123). In later work, Sorokin et al. condensed bis(2,3-epoxypropyl)- 
/i-butylamine with n-butylamine and isolated 102 (R = R' = n-Bu, R^ = 
H) (72MI2). 



/CH,CHOHCHjNH<-Bu 

e-BuN 


104 


t - BuNICHjCHOHCH^CI), 
105 


Shiotani and Mitsuhashi condensed the bis-p-toluenesufonamide of o- 
aminobenzylamine with trimethylene bromide and obtained, after detosy- 
lation, 2,6-benzodiazocine 106 (R = R' = H) [Reaction of 106 with form¬ 
aldehyde afforded Af.N'-methanobenzodiazocines of some pharmacologi¬ 
cal interest; see Sections IV,A and V) (64YZ656; 74H349).] The 
benzodiazocine 107 was prepared by heating the epoxy amidoester 108 
with methylamine [Elimination of alcohol from 107 horded an enedione) 
(68JCS(C)2862).] Kato and Mori reacted the bis(dihaloalkyl)piperidine 
109 with various primary amines and obtained the medicinally useful N- 
substituted piperidinodiazocines 110 (72GEP2I41464) (see Section V). 
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109 110 

n = 0 , 1,2 
R = H, OMe 
R' = H, Cl, F, OMe 
RR’ = -OCH.O- 
R’g H, Ph, CHjPh 

2 . Reaction of Acyclic Diamines with Dicarboxylic Acids or 
Acid Derivatives 

Rothe and Timler synthesized the diazocinedione 49 (R = H) (the cy¬ 
clic dipeptide of p-alanine) by reacting the p-alanine derivative 111 with 
triethylamine under high dilution (62CB783). Yamazaki and Nagata 
heated p-(3,4-dimethoxyphenyl)ethylamine with diethyl methylaminedi- 
propionate and obtained imide 112 (59YZ1219). The A^.N'-dicyclohexyl- 
1,5-diazocines 113, prepared by condensing dialkylmalonyl chlorides with 
(V.TV'-dicyclohexyltrimethylenediamine, demonstrated some pharmaco¬ 
logical activity (see Section V) (81FES135). 

Schroeter and Eisleb reported the first preparation of a dibenzo-1,5- 
diazocine when they warmed various N-substituted anthranilic acid chlo¬ 
rides with pyridine. In this manner, diazocines 35 were prepared (called, 
at the time, “dianthranilides”; cf. structure 54, Section II,B,1). Aceto- 
lysis of 35 (R = R' = H) afforded 35 (R = H, R' = Ac). Hydrolysis of 
this latter compound yielded the original unsubstituted compound 35 (R 
= R‘ = H). Also prepared was 35 (R = H, R* = Me) (09LA101). In a 
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112 113 


R' H Ar, Et 
R’ = allyl, Et, Ph 

later report, Schroeter treated 35 (R = R' = H) with phosphorus pen- 
tachloride and obtained the unsaturated dichloride 114 (R = Cl). How¬ 
ever, attempts to reduce the dichloride to the parent (114, R = H) were 
unsuccessful (19CB2224). 

Since this early work, numerous similar condensations have been re¬ 
ported. Mazza and Ferrajolo, by allowing the ethyl esters of hexahy- 
droanthranilic acid and tetrahydroanthranilic acid to stand, obtained dia- 
zocines 115 and 116, respectively (27MI1). Partridge et al. published 
several papers in this area. When o-cyanoanilinium tosylate was heated, 
the amidine 114 (R = NHj) was formed. This compound was also ob¬ 
tained by heating the dichloride 114 (R = Cl) with ammonia. Condensa¬ 
tion of o-cyanoaniline with the p-toluenesulfonamide of methyl anthrani- 
late gave diazocine 117 (62JCS2545). Also, an improved synthesis of the 
dianthranilide 35 (R = R' = H) by condensation of 2 mol of methyl an- 
thranilate with a nitrile and sodium was reported (54JCS3429). The 2,8- 
dimethyl derivative of 35 (R = R' = H) was prepared analogously from 
methyl 5-methylanthranilate. This compound was then converted into the 
2,8-dimethyl derivative of 114 (R = Cl). However, attempts to reduce 
this and the nonmethylated compound to the parent (114, R = H) were 
unsuccessful (55JCS991). [For reactions of 114 (R = Cl) and its dimethyl 
derivative to make other diazocine derivatives, see Section IV,B.] 

The diamine derivative (114, R = NHj) has also been obtained, among 
other products, by reaction of anthranilamide with phenylacetic acid in 
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the presence of phosphorus pentoxide (7IJOC642). Osbirk and Pedersen 
isolated the bis(dimethylamino)diazocine 114 (R = NMej) as a byproduct 
of the reaction of methyl anthranilate with cycloalkanones in the presence 
of hexamethylphosphorictriamide to give polymethylenequinolines 
(79ACS(B)313). Synthesis of the parent dibenzo[A J]-l ,5-diazocine (114, 
R = H) was finally achieved by Paudler and Zeiler, who found that the 
dihydrazine derivative 114 (R = NHNH 2 ) [prepared from 114 (R = Cl) 
by reaction with hydrazine] reacted with copper(n) acetate to give 114 (R 
= H) (67CCI077). [Interestingly, the 1,4-isomer of 114 (R = H) has not 
yet been prepared (89AHC185).] 

Reaction of the benzoxazine 118 with ammonia afforded a compound 
with formula C2gH2304N5. Structure 119 was suggested, since, when the 
compound was heated above its melting point, diazocine 35 (R = R' = 
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H) resulted (59JCS2396). Other related condensation reactions have been 
reported. The reaction of A^-benzylanthranilic acid with phosphorus ox¬ 
ychloride gave 35 (R = R‘ = CHjPh) (65CCC445). Condensation of an- 
thranilic acid with methanesulfonyl chloride in the presence of pyridine 
afforded 35 (R = H, R" = SO^Me) (66YZ107). The reaction of sulfinam- 
ide anhydride 120 with formamide gave, in addition to a quinoxaline de¬ 
rivative, the dimethyldiazocine 35 (R = R‘ = Me). This compound was 
also formed quantitatively when moist 120 was allowed to stand at room 
temperature (77JCS(P1)2347). Bitter et al. also prepared the dimethyldia¬ 
zocine 35 (R = R‘ = Me) by reaction of methyl anthranilate with dimeth- 
yl(dichloromethyl) ammonium chloride (81ACH171). Bolotin et al. re¬ 
acted ring-substituted anthranilic acid derivatives with benzenesulfonyl 
chlorides and obtained, in addition to benzoxazine derivatives and N-ary- 
Isulfonylanthranilic acids, a variety of substituted diazocines 121 (71M13; 
72KGS134I). Interestingly, reaction of nitro-substituted anthranilic acids 
failed to produced diazocines (72KGS1341). Reaction of N-benzenesulfo- 
nylanthranilic acid with dicyclohexylcarbodiimide yielded 35 (R = R' = 
SOjPh) (78IJC(B)393). 



Katritzky and co-workers found that pyrolysis of imidazole derivative 
122 afforded the diazocine 123. However, similar treatment of corres¬ 
ponding benzimidazole and 5,6-dimethylbenzimidazole derivatives gave, 
instead, a novel hexacyclic triazadibenzacephenanthrylenedione 
(76CC48; 77JCS(P1)1162). When N-hydroxyphthalimide was treated with 
benzenesulfonyl chloride in aqueous alkaline solution, a novel rearrange¬ 
ment occurred via hydroxamic acid 124 to yield anthranilic acid deriva¬ 
tives, among them the diazocine 121 (R’-R’ = H) (57JA1983). Treatment 
of trimethyl orthoanthranilate with glacial acetic acid afforded the dimeth- 
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oxydiazocine 114 (R = OMe) (72JHC947). The isoxazoline 125 (R = 
OMe), when heated, rearranged to yield methyl A^-ethylanthranilate and 
diazocine 35 (R = R‘ = Et) (7IJAI543). 



124 125 

A number of heterocycle-fused 1,5-diazocines have been reported. Kli- 
siecki and Sucharda treated an ethyl acetate solution of methyl nicotinate 
with sodium and obtained diazocine 126 (23RC251). In a more recent, but 
similar, report, Oakes and Rydon attempted a Claisen condensation of 
ethyl 3-aminopicolinate with ethyl acetate, but obtained instead the inter- 
molecular amidation product 127 (58JCS205). A similar result was re¬ 
ported by Brederick et al., who found that reaction of 4-amino-5-carbe- 
thoxypyrimidine with ethyl acetate in toluene in the presence of sodium 



126 


127 
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128 

afforded diazocine 128. [The authors proposed an enol structure related 
to 114 (R = OH), but 128 is more likely.] Use of alcohol as solvent, how¬ 
ever, resulted in formation of pyridopyrimidine, as did replacement of 
ethyl acetate with higher esters, nitriles, or amides (63CB1868). 

Reaction of thiophene derivative 129 with hexamethylphosphorictri- 
amide yielded, in addition to a thienopyridine derivative, the diazocine 
130 (77T2089). Treatment of the aminotriazepinecarboxylate 131 with al¬ 
kali resulted in formation of bis(triazepino)diazocine 132 (77BCJ957). 



131 132 


3 . Reaction of Acyclic Diamines with Aldehydes and 
Ketones 

Dietsche treated 2,4-pentanedione with methanol and ammonia and ob¬ 
tained diazocine 133 (77USP4001215). Giacalone condensed benzalde- 
hyde with benzal p-tolylhydrazone (134) in the presence of zinc chloride 
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and obtained a substance of formula C 42 H 3 JN 4 that was postulated to be 
either 1, 3 -diazocine 135 or the 1 ,5-diazocine 136 (33G20). Independent 
synthesis of 135 showed it to be different from the benzaldehyde-benzal 
p-tolylhydrazone condensation product, and the latter compound was 
therefore confirmed as 136 (33G764). 



13 $ 



Nearly a century ago, Posner obtained a material of empirical formula 
C 7 H 5 N from zinc chloride-catalyzed reduction of o-nitrobenzaldehyde. 
The compound, probably arising from intermediary o-aminobenzalde- 
hyde, was assigned either structure 137 or 114 (R = H) (t898CB658). 
[Compound 114 (R = H) has never been accessible from o-aminobenzal- 
dehyde; for its synthesis, see Section II,C,2.] At about that time, Sond- 
heimer reacted o-aminobenzophenone with hydrochloric acid and ob¬ 
tained 6,t2-diphenyldizenzo/^fc^/7-l,5-diazocine (138, R-R* = H) 



138 
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(1896CB1272). Almost 40 years later, Giacalone similarly prepared the di¬ 
methyl derivative 138 (R^ = Me; R, R‘, R^-R® = H) starting with 5-meth- 
yl-2-aminobenzophenone (35G120). 

More recently, a number of groups have prepared 6,12-diaryldiben- 
zo/^*»^-l,5-diazocines 138 (R-R® = various), which have some medicinal 
use (see Section V), from the corresponding o-aminobenzophenones in 
the presence of various acid and base catalysts. A group at Upjohn pre¬ 
pared compounds 138 (R^ = H, Cl; R® = H, OMe; R = R' = R^ = R"* 
= R* = H) using p-toluenesulfonic acid (66NEP6602819). Sternbach and 
his group at Hoffmann La Roche similarly prepared 138 (R-R® = H) and 
a number of derivatives (138, R^ = Cl, F, Br, CFj, OMe, EtS, NHj, 
NO 2 ; R = H, Cl, Br; R‘ = H, Cl; R^ = H, Cl; R" = H, F, Me, OMe; 
R’ = H, Cl; R® = H, F) using boron trifluoride etherate, aluminum and 
titanium chlorides, polyphosphoric acid, and sodium hydride as catalysts 
(66FRP1463527, 66USP3243430). The dichloro derivatives 138 (R, R', R'- 
R® = H; R^ = Cl) were synthesized by heating the chloroaminobenzophe- 
none with either zinc chloride, hydrochloric acid, or without any catalyst 
(67NKZ102; 69BCJ2066). Compounds 138 (R = R' = R’ = H; R" = H, 
Cl, Br, NO 2 ; R"* = H, Br, Cl; R’ = R® = H, Br, NOj) were made using 
phosphorus oxychloride and p-toluenesulfonic acid (76ZOB1893), 
whereas polyphosphate ester was used to prepare 138 (R = R' = R’ = 
R" = H; R" = Cl, NO 2 ; R’ = R« = OMe) (80IJC(B)703). Moriyama et 
al. heated the appropriate aminobenzophenone without catalyst, afford¬ 
ing 138 (R = R‘ = R^ = R’ = R« = H; R' = Cl, NO^, CF 3 ; R" = H, 
Me) (70JAP70/06271). In a different report, Moriyama et al., instead of 



R’: H.Me 
R^CI,Br,NOj 
R^ H,OMe 

using o-aminobenzophenone as a starting material, employed o-aminobe- 
nzophenoneimines. When these compounds were heated under nitrogen, 
compounds 138 (R = R' = R’ = R’ = R® = H; R^ = Cl, NOj, CF,, Cl; 
R"* = H, Me) were obtained (70JAP70/06270). The same compounds were 
obtained by heating an equimolar mixture of substituted o-aminobenzo- 
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phenone and substituted o-aminobenzophenoneimine under nitrogen 
(70JAP70/06272). The 2,1-benzisoxazoles 139, upon heating in the pres¬ 
ence of Lawesson’s reagent (140), afforded substituted 138 (82IJC(B)899). 



143 


There have been additional interesting reports of heterocycle-fused 1,5- 
diazocine syntheses. Heckendom and Gagneux thermolyzed the cyano- 
aminothiol 141 and obtained the dithienodiazocine 142. The reaction most 
likely preceded via iminothiophene 143, which could be isolated when 
141 was allowed to stand at room temperature (73TL2279). When Roma 
et al. reacted the naphthopyran 144 with various amidines in pyridine, 
napthopyranopyrimidines were obtained. However, reaction of 144 with 
O-methylisourea in pyridine afforded, instead, the dinaphthopyranodia- 
zocine 145 (76JHC761). 



4 . Mixed and Other Condensation Reactions 

A number of 1,5-diazocines and fused-ring analogues have been pre¬ 
pared by condensation reactions forming both amide and imine bonds 
concurrently. Shinano et al. condensed N-substituted 1,3-propanedia- 
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mines with 3-formyl propionates and acetoacetates and obtained diazo- 
cines 146 (1,4-diazocines were also prepared) (89AHC185). (For applica¬ 
tions of these compounds, see Section V.) Bogatskii et al. reacted various 
N- and ring-substituted o-aminobenzophenones with p-alanine or p-ala- 
nyl chloride and isolated 1,5-benzodiazocines 147 (75MI1; 80KFZ45). 
Murakami et al. condensed 5-chloro-2-aminobenzophenone with 2-chl- 
oro-5-aminobenzoic acid and isolated dibenzo-l,5-diazocine 148 
(71JAP71/10861). Barchet and Merz treated 1,8-diaminonaphthalene with 
ethyl benzoylacetate and ethyl a-benzyl-p-phenylpropionate and ob- 


147 

R's Cl, Br, Me, H, OCF„ SCHF., 
SOjCHFj, NO,, NH,, NHAc 
R» s Me, Et, n -Pr, n - Bu, allyl, CH,Ph 
R^ = H, o-CI, p-CI, o-Br, p-F, m-Br, 
m - NO,, 3,5 -(NO,),, p-NO, 


r’ 



146 

R s long chain 
R', R^ R>, s H, Me 




Ph 


148 

tained naphthodiazocines 149 (R = H) and 149 (R = CHjPh), respec¬ 
tively (64TL33). An interesting reaction was reported by Singh and Singh, 
who condensed A-cyclohex-l-enylaniline with the ketoisothiocyanate 150 
and isolated the diazocinethione 151 (75AJC143). 

Other Mannich and Mannich-type condensations (also see Section II, 
C, 1) have been used to synthesize 1,5-diazocines. Two groups reported 
reacting the tetranitro-A-nitroso compound 152 (R = NO) with alkylam- 
ines and formaldehyde, affording tetranitro-A-nitrosodiazocines 153 (R 
= NO, R' = Me) (81IZV1676; 83S830) and 153 (R = NO; R' = H, i-Pr) 
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(83S830). Use of the N-nitro derivative 152 (R = NO 2 ) gave the N-nitro- 
diazocines 153 (R = NO 2 ; R' = H, Me) (83S830). There have been two re¬ 
ports of reaction of AT-methyl-p-toluidine with acidic formaldehyde solu¬ 
tion to yield the diazocine 67 (R'-R^ = H, R"* = R* = Me) (76CI(L)1644). 
Similarly, reaction of formaldehyde with diphenylamine afforded 



152 153 

diazocine 67 (R'-R' = H, R" = R" = Ph) (78GEP2729363). Kutlu con¬ 
densed saccharin and paraformaldehyde with o-, m-, and p-aminophenols 
and obtained diazocines 154,155, and 156, respectively (70MI2). 

Oxidative cyclodimerization of N,N-dimethylaniline and A^.N-dimeth- 
yl-p-toluidine has been investigated by a number of groups. Roy and 
Swan found that these two compounds, when heated with benzoyl perox¬ 
ide, afforded diazocines 67 (R‘-R^ = H, R" = R^ = Me) and 67 (R* = 
= Me, R' - R" = H), respectively (66CC427; 68CC1376). Zelent 
and co-workers photolyzed the two aforementioned anilines in dichloro- 
methanes and obtained identical products (79JOC3559; 80MI2). Photoly¬ 
sis of N-methylaniline afforded 67 (R'-R’ = H, R"* = R* = Me) through 
incorporation of solvent molecules (80MI2). Interestingly, the same reac¬ 
tion using chloroform or ceu'bon tetrachloride as solvent failed to produce 
diazocines. The reaction of Af,N-dimethylanilines para-substituted by 
electron-donating groups with palladium(II) acetate in benzene-acetic 
acid produced similarly substituted diazocines 67 (80CL1331; 82CL1823). 
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154 

R = 0-HOC,H, 



R H m-HOC,H, 


HOCHj 
HOCHjNRCHj 




SOtNRCHtOH 

CHjNHCO-^^ 


156 

R =:p - HOC.H, 


Reaction of two different anilines, e.g., 157 (R = OMe, R' = H) and 157 
(R = Me, R' = H), afforded both homo-coupling diazocines 158 (R = 
R' = OMe, R' = R^ = H) and 158 (R = R^ = Me, R' = R^ = H) and 
the cross-coupling product 158 (R = OMe, R^ = Me, R' = R’ = H) 
(82CL1823). 



R : OMe,Me,Cl 
R’: H,Me 

157 158 

Swan found that when N,N'-disubstituted methanedianilines 159 were 
treated with weak acids, the diazocines 67 (R‘ = H, Me; R^ = R^ = H; 
R'* = R^ = Me, Et, Ph) resulted, primarily via decomposition to an imi- 
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nium ion, which attacks a second molecule of 159. Interestingly, quaterni- 
zation of tetrahydroquinazoline 160 with methyl bromide yields diazocine 
67 (R' = R" = = Me, R" = R^ = H) (71JCS(C)2880). This reaction 

may proceed via iminium ion intermediates similar to those postulated 
for the formation of 67 and a-diamines 159, and may be related to the 
aforementioned formation of 67 by reaction of A/-methyl-p-toluidine with 
acidic formaldehyde (vide supra) (76CI(L)112). 


159 

R'- H^Et^Ph 
R*-- H,Me 

Diazocines 54 (R = H, Me) were synthesized by treating phenyl and 
o-tolyl isocyanate with aluminum chloride (51DOK1073). A Michael addi¬ 
tion was involved in the reaction of benzylideneacetone with 1,3-diamino- 
propane to yield diazocine 161 (71JCS(D)372). Photolysis of diphenylaryl- 


Me 

54 161 

triazafulvenes 162 afforded diazocine 163 (R = Ar, R‘ = R^ = Ph), 
presumably via dimerization of an intermediate azacyclobutadiene 
(73JOC176). A similar intermediate was postulated in the photolysis of 
pyridazine 164 to produce diazocine 163 [R = R^ = F, R' = CFICFjlj] 
(76CC1005). 





160 



162 

Ar = Ph, p - CIC.H, 



163 
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164 


Heterocycle-fused, 1,5-diazocines have been prepared by nucleophilic 
attack by nitrogen at the carbon alpha to the betero atom. Eberle and 
Houlihan reacted 1,3-propanediamine with the pyrroline 165 and obtained 
the pyrrolidinodiazocine 166 (71GEP2050344). Wamhoff and Materne 
treated the dihydrofurans 167 with 1,3-diaminopropane and isolated the 



167 168 

r’- r’: H, Me 

furanodiazocine 168 {74CBI784). DeWald and L’ltalien found that cycliz- 
ing the aroylpyrazoles 169 with 1,3-diamines afforded the pyrazolodiazoc- 
ines 170. Various N-substituted derivatives 170 and their imine A^-oxides 
were prepared {74GEP2423642). 



R’ = various; R*=H 

Ar = m-CIC,H,, m-FC,H„ 

p - CIC,H„ m-CF,C,H^, m-BrC,H, 
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D. Homaline and Related Compounds 

The structure of homaline, a plant alkaloid related to spermine and iso¬ 
lated from species of Homalium, was studied by Pais et al. Homaline was 
shown to have the l,4-bis(l,5'diazocinyl)butane structure 171 (R = Me), 
and not structures involving diazepines (68CR(C)37) or 1,5,9,13-tetra- 
azabicyclo[7.7.4]eicosanes (68CR(C)82). Structural determination is 
based on degradative studies (68CR(C)37; 73T1001) and spectroscopic 
properties (68CR(C)82; 73T1001) of homaline, and by the synthesis of bis- 
deoxohomaline by the reactions shown in Eq. (1). 3-Alanyl-p-alanine 
(172) was prepared by condensation of amino-protected 3-alanine with 
the methyl ester of A(-methyl-3-phenyl-3-alanine. Compound 172 was 
then cyclized with hydrogen bromide in acetic acid to afford bislactam 
173, which was reduced to give the diazocine 174. Condensation of 2 mol 
of 174 with succinoyl chloride, followed by reduction of the product with 
lithium aluminum hydride, gave deoxohomaline (175). This latter com¬ 
pound was shown to be identical to deoxohomaline obtained from natu¬ 
rally occurring homaline (171, R = Me) (71BSF255, 71CR(C)1728; 
73BSF331). The detailed structure of homaline was later elucidated by X- 
ray diffraction (76AX(B)1305). 



171 

homaline(R:Me) 



174 175 
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The total synthesis of homaline (171, R = Me) was accomplished by 
Wasserman et al., who began with 1,4-diaminobutane and in six steps 
produced bistosylate 176 (BOC = /err-butoxycarbonyl). This compound 
was reacted with p-iactam 177 (R = H) (derived from p-phenyl-p-alanine) 
to afford the bis(P-lactam) 178. This compound underwent thermal trans- 
amidation to yield the bis(A(,)V'-demethyl) homaline (171, R = H), which 
could be methylated to yield homaline (171, R = Me) [Eq. (2)] (82TL465; 
83T2459). 



178 


In an approach related to the synthesis of a diastereomeric mixture of 
homaline (171, R = Me) and epihomaline (179, R = Me) [Eq. 3)], Crom- 
bie et al. first prepared 1,5-diazocine 180 (R = R' = H) by transamidative 



epihomaline 





180 (R=R’=H) 


171 + 179 ( 3 ) 

(RzH) Cr=h) 
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ring expansion of racemic 177 [R = (CH 2 ) 3 CI] (see Section II,B,4). Two 
moles of 180 (R = R‘ = H) were treated with 1 mol of 1,4-dibromobutane 
to afford a mixture of N,N'-demethylhomaline (171, R = H) and its epi- 
mer 179 (R = H). Reductive methylation of this mixture with formalde¬ 
hyde and sodium cyanoborohydride gave a mixture of homaline (171, R 
= Me) and epihomaline (179, R = Me), from which the latter could be 
isolated in a pure state by recrystallization. 

Alternatively [Eq. (4)], the N-methylated derivative of 180 (R = Me, 
R' = H) [prepared from 180 (R = R' = H) by reductive methylation] 
was treated with 1,4-dibromobutane to give 171 (R = Me) and 179 (R 
= Me). The naturally occurring (5,5)-(-)-homaline (171, R = Me) was 
similarly prepared, starting with (5')-(-)-(177) [R = (CHjljCl] in a se¬ 
quential approach [Eq. (5)]. Compound 180 (R = Me, R' = H) can be 
reacted with l-bromo-4-chlorobutane (mole ratio of 1 : 1) to afford the N- 
haloalkyl compound 180 [R = Me, R' = (CH2)4C1] (see Section II,B,4). 
This compound was then condensed with 180 (R = Me, R' = H) to yield 
the mixture of homaline (171, R = Me) and epihomaline (179, R = Me) 


180 

(R = Me, H H) 


171 + 179 ( 4 ) 

[R:Me) (R = Me) 


180 

(RsMe, R^=H) 


r 1 

R=Me, R'=(CH2),CI 


( 5 ) 


180 

j^RsMe, R’=(CHj),C^ 


+ 180 —► 171 

(R = Me, R’ = H) (R=Me) 


179 

(R=Me) 


(83CC960). Still another synthesis [Eq. (6)] involved reacting 180 (R = 
Me, R' = H) with 1,4-dichloro-2-butene to afford 180 (R = Me, R' = 
CH2CH=CHCH2C1). This compound was condensed with 180 (R = Me, 
R‘ = H) to give 1,4-bis(diazocinyl)-2-butene 181, hydrogenation of which 
resulted in the mixture of homaline (171, R = Me) and epihomaline (179, 
R = Me) (86TL5147). 

Three spermine-type alkaloids closely related to homaline—hoprom- 
ine, hoprominol, and hopromalinol—had been shown, by degradative and 
spectroscopic studies, to have structures 182 (R = n-CjH,,, R‘ = n- 
C^H.j), 182 [R = n-CjH,„ R' = CH 2 —CHOH—(CH 2 ) 4 Me], and 182 [R 
= Ph, R' = CH 2 —CHOH—(CH 2 ) 4 Me], respectively (73T1001). Crombie 
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et al., in an extension of their synthesis of homaline (vide supra), pre¬ 
pared hopramine, hoprominol, and hopromalinol, each as a mixture of 
stereoisomers. They used the same sequence of reactions used for homa¬ 
line, i.e., transamidative ring expansion of p-lactams; condensation of the 
resulting 1,5-diazocines with f£'j-l,4-dibromo-2-butene to afford com¬ 
pounds related to 180 (R = Me, R = CH 2 CH=CHCH 2 Br); coupling of 
these latter compounds with the appropriate diazocines related to 180 (R 
= Me, R' = H); and hydrogenation of the resulting compound related to 
181, The p-lactam synthons required for these preparations were 92 [R 
= Ph, (CHjl^Me, (CH2)6Me, CH2CH(OSiMe2-t-Bu)(CH2)4Me; R' = H; 
R' = (CH2)3C1] (86TL5147) (see Section II,B,4). 

Finally, in an accompanying communication, Crombie et al. described 
an innovative diazocine ring expansion, in which intramolecular transami- 
dation was used to convert the Homalium alkaloid precursor 180 (R = 
R' = H) into the alkaloid dihydroperiphylline (for details, see Section 
IV,D) (86TL5151). 



182 92 
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III. Theoretical and Structural Studies 


Hiickel calculations on the S-ir 1,5-diazocine ( 5 ) gave a resonance en¬ 
ergy almost identical to the isomeric 1,3-diazocine, and about half as 
negative as the isomeric 1,4-diazocine (75T295; 83MI1; 89AHC185). Mo¬ 
lecular orbital calculations using the PPP method demonstrated that, 
1,5-diazocine ( 5 ), as well as its 1,3-isomer, have decreased antiaromatic 
character compared to cyclooctatetraene; these results contradicted 
those obtained for 1,4-diazocine (89AHC185). It was also claimed that 
in 5 and its 1,3-diazocine, isomerization via bond alternation may com¬ 
pete with ring inversion (83MI1). 

MINDO calculations of the molecular geometries of diazaheterocyclic 
1,2-dienes indicated that diazocine 183 has more allenic character than 
the seven- and six-membered ring homologues (although all three have 
largely allenic structures) (82JCR(S)80). 

Urbanski and co-workers prepared a number of 1,5-diazocines (see 
Section II,C,1) and investigated their conformations. In one study, molec¬ 
ular refractions were determined for compounds 101 (cw and trans, R = 
Me, Et, n- Pr; R' = H). Infrared spectra of these compounds showed 
both bonded NHj and NO 2 groups; the compounds formed only monohy¬ 
drochlorides and mononitroso derivatives. These facts suggested intra¬ 
molecular hydrogen bonding between the two ring nitrogen atoms. The 
experimental dipole moment of trans-lOl (R = Et, R‘ = H) was consis¬ 
tent with that calculated for a crown conformation (184), with the two 



6 

183 



184 



102 


nitro groups in axial (a) and equatorial (e) positions. The cis isomer was in 
the crown form with the equatorial nitro group considered more probable 
(58JCS2319). In another report, the assignment of the crown form 184 
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was extended to other derivatives (101, R = Me and n-Pr, R* = H). In the 
case of 101 (R = «-Pr, R' = Me), the measured dipole moments favored a 
crown with the N-methyl groups in equatorial positions (64T207). X-Ray 
diffraction studies of diazocines 102 (R = R' = Ts, p-BrC 6 H 4 ; R^ = H) 
indicated that the tosyl derivative had an extended crown conformation 
(184) and exhibited strain (75AX(B)2571), while the p-bromophenyl deriv¬ 
ative (as the ethanol solvate) existed in a twisted crown form (76CSC905). 

The molecular structures of benzodiazocines 12 (R = Me, R' = Br, 
Cl) were determined. The conformations, bond distances, and valency 
angles of the two compounds were in accord. The bromo derivative has 
a deep pseudo-boat diazocine ring (79DOK1140), whereas the chloro 
compound was a boat (82AX(B)638). The main difference between the 
two is the orientation of the 6-phenyl ring, this difference being reflected 
in major differences in molecular packing (82AX(B)638). 



67 185 


The 1,5-dibenzodiazocine 35 (R = R' = CHjPh) (like its 1,4-isomer) 
(89AHC185) showed a high degree of conformational stability as demon¬ 
strated by its nuclear magnetic resonance (NMR) spectrum, which was 
unchanged up to 180°C (73CC571; 74T1903). Ollis et al. also studied the 
'H NMR temperature-dependence of 1,5-diazocines 67 (as well as the 1,4- 
isomers) (89AHC185). The behavior of 67 was consistent with the pres¬ 
ence of a mobile conformation, probably a boat, which inverts by way of 
folded-boat transition states (73JCS(P1)205). As with the 1,4-diazocines 
(89AHC185), the NMR results for 67 were corroborated using molecular 
mechanics (74T1903). Preliminary X-ray crystallographic data were ob¬ 
tained for diazocine 67 (R' = R”* = R* = Me, R^ = R’ = H) (70MI1). 
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The naphthodiazocine monocation 18S was found to undergo 100% 
equilibrium N-protonation. This was in contrast to the 9- and 10-memb- 
ered ring homologues, which underwent 100% C-protonation on the naph¬ 
thalene nucleus to give an jp^-hybridized imminium ion C=N^. This phe¬ 
nomenon is believed to be favored in medium rings. However, models of 
C-protonated 185 did seem strained (82JCS(P2)477). 

In a study of Troger’s base derivatives 68 [R = H, Me; RR = (CHj),] 
in acid media (see Section Greenberg et al. found the dication 

of the dimethyl derivative (186, R = Me) to have nonidentical benzylic 
methylene groups and nonequivalent methyl NMR resonances. These re¬ 
sults are consistent with the open iminium ion structure 69 (R = Me), 
and contrast with the results with Troger’s base itself (68, R = H) and its 
spiro (cyclobutyl) derivatives 68 [RR = (CHj),], in which the protonated 
closed structure 186 [RR = (CH 2 ) 3 M] is favored (84JOC1127). 



68 


186 



69 

In an interesting early paper, von Braun and Goll reported that the re¬ 
action of bis(spiro)diazocinium ion 97 [RR = (CH^),] (see Section II,C,1) 
with base resulted in opening of the diazocine ring, thus establishing the 
relative stabilities of six- and eight-membered cyclic amines (27CB339). 
The one-electron oxidation of IV.IV'-dimethyl-1,5-diazocine 7 (R = R' = 
Me) with potassium hexacyanoferrate(III) was found to proceed more 
rapidly than that of lower ring homologues and bi- and tricyclic amines. 
The reaction is the only one to develop a transient red color, indicative of 
an iminium radical (187) that is transannularly stabilized (76JCS(P2)1172). 
Similar results were obtained from the one-electron electrochemical oxi¬ 
dation of 7 (R = R‘ = Me), the peak potential for this compound being 
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lower than that of A^-methylazacyclooctane and other lower ring diaza 
and azahomologues (77JCS(P2)1732). Earlier, a similar type of transannu- 
lar effect was invoked to explain why 7 (R = R' = H) reacted with p- 
fluoronitrobenzene almost 10^ times more rapidly than did azacyclooctane 
(69JCS(B)544; 82AHC115). 



187 

The mass spectrum of diazocine 35 (R = R* = H) (along with other 
cyclic o-phenylene molecules) showed a molecular ion peak and fragmen¬ 
tation characterized by a pronounced ortho effect giving rise to a base 
peak. In particular, 35 (R = R' = H), along with analogous eight-ring 
bislactams and bisthiolactones, showed, in addition to the ortho effect, a 
loss of CO and CO 2 fragments (77UC(B)36). 

There have been a number of investigations of metal complexes of 1,5- 
diazocine 7 (R = R' = H) and fused-ring analogues. Musker and Hussain 
found that 7 (R = R‘ = H) or “daco”, formed very stable square-planar 
tetracoordinated bis complexes with Ni(II) and Cu(II). The best confor¬ 
mation for the complex is the chair-boat (188), which effectively shields 
the axial metal positions from further coordination (66IC1416; 69IC528). 
This insensitivity to further solvent coordination contrasted with the dia- 
zacycloheptane homologue, which was transformed from a tetra- to a 
pentacoordinated complex (69IC528). Legg et al. found that 1,5-diaza- 
cyclooctane-MA^'-diacetic acid 7 (R = R' = CHjCOjH) (“dacoda”) 
forms a square-pyramidal complex with Ni(II) (with an additional ligand) 
(189), as indicated by X-ray crystallography of [Ni(dacoda)(H20)]2H20. 
Chemical and spectroscopic evidence suggested that this structure was 
maintained in solution. Evidently, coordination of the two tertiary amines 
in the eight-membered ring restricts the CH 2 CO 2 H groups to such an ex¬ 
tent that the two five-membered chelate rings can form only in a plane 
defined by the metal ion and the two nitrogen atoms (68JA5030; 
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71JA5079). The pentacoordinated nature of M[(dacoda)(H20)] [M = 
Co(Il), Ni(II] was established by comparison of X-ray powder patterns 
and solid and solution spectra. The Zn(II) complex has the same structure 
as the Cu(II) (68JA5030; 71JA5079), Co(II), and Ni(II) complexes 
(72IC2344). All of these complexes are resistant to expansion of coordina¬ 
tion in solution, due to blocking of a coordination site on the metal ion 
by an alkyl proton (68JA5030; 71JA5079; 72IC2344). Billo studied the so¬ 
lution equilibrium of MKdacodalCH^O)] [M = Co(II), Ni(II), Cu(II), and 
Zn(II)] and suggested that coordination geometry, as well as possible hy¬ 
drophobic interactions, resulted in increased acidity of coordinated wa¬ 
ter, compared with hexacoordinated complexes {75MI4). West and Legg 
prepared and characterized the Ni(II), Cu(II), and Zn(II) complexes of 
1,5-diazacyclooctane-Ar-monoacetic acid (“dacoma”) (7, R = H, R' = 
CHjCOjH). By comparison of their spectra and chemical and magnetic 
properties with those of M(dacoda) (7, R = R' = CHjCOjH) complexes 
{vide supra), it was concluded that these complexes also had a square- 
pyramidal, pentacoordinate structure (76JA6945). Nanosecond laser flash 
photolysis of the paramagnetic Ni(dacoda)(H 20 ) resulted in formation of 
diamagnetic planar Ni(dacoda), reflecting a pentacoordinate-tetracoordi- 
nate equilibrium (78IC3378), The intended preparation of a Cu(II) com¬ 
plex of a 16-membered tetradentate macrocycle turned out instead to be 
the synthesis of a dinitrato complex of daco (7), the structure of which 
was shown by X-ray crystallography to be chair-boat (188) (80AX(B)452). 

The dibenzodiazocines 67 (R'-R^ = H) were found to form square- 
planar tetracoordinate complex anions [M = Cd(II), Co(II), 

Ni(II), Zn(II), Pd(II), Pt(II), Pt(IV)]. The diazocine 67 (R'-R" = H, R' = 
Me) did not form bis complexes with first-row metals. Although the 
nearly planar boat conformation of the diazocine rings would seem to 
leave the off-planar protons free for further coordination, detailed X-ray 
crystallographic analysis showed a slight skewing of two of the carbon 
atoms alpha to nitrogen, thus causing the hydrogens to block the axial 
positions, and preventing five- and/or sixfold coordination 
(82JCS(D)2545, 82MI2). 
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IV. Reactions 

A. Eight-Membered Ring-Preserved—Annelations 

Reaction of diazocine 190 (see Section II,A,3) with phosgene afforded 
the oxadiazolone derivative 191 (79CPB2608). As mentioned earlier (see 
Section annelated diazocine 51 accompanied 50 (R = R’ = H) 

as a product of the Schmidt reaction of 1,3-cyclohexanedione. It was pos¬ 
tulated, on the basis of ring-opened hydrolysis products (see Section 
IV,D), that 51 arose from annelation of 50 (R = R' = H). [A 1,4-diazo- 
cinedione and its annelation product were also obtained (89AHC185), but 
it was determined that in this case annelation occurred at the intermediate 
seven-membered ^-ketolactam stage, not on the diazocine that followed.] 



Diazocine 192, when heated in pyridine, gave the dehydrated ring- 
opened product (194) [Eq. (7)]. Formation of 194 was rationalized in 
terms of annelation of 192 to indolodiazocine 193 (not isolated), followed 
by ring opening to 194 [Eq. (7)] (79CPB2618). 1,5-Benzodiazocines 106 
(R' = CHjPh, R^ = H), when treated with propiolactone and cyclized 
with polyphosphoric acid, afforded the tricyclic compound 195 (R = H). 
When the cyclization was carried out in the presence of acetic acid, 195 
(R = Ac) was obtained (72MI1). Treatment of 1,5-diazocine 34 (R' = R^ 
= R^ = R'* = R* = R’ = H, R* = Cl) (see Section II,A,3) with diketene 
gave two products: an acetoacetyl derivative 1% (see Section IV,B) and 
annelated product 197. Treatment of 196 with methanolic hydrogen chlo- 



HOWARD D. PERLMUTTER 


[Sec. IV.A 



ride or thionyl chloride afforded annelated products 198 and 199. Thermal 
dehydration of both 196 and 197 gave 198, indicating that acyl migration 
took place in the reaction of 196 (79CPB2927). 

There have been a number of reactions of 1,5-diazocines leading to 
N—N or C—C bridging. Examples of the former include the reaction of 
benzo-l,5-diazocines 106 (R* = = H) with aldehydes to give 1,5-meth- 
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198 199 


anodiazocines 200 (R = H; R' = H, Me, Ph) (64YZ656; 74H349); the 
conversion of diazocinediol 102 (R = R' = R^ = H) into 1,5-diazabi- 
cyclo[3.3.1]nonane (201) with formaldehyde (66DIS406B); the condensa¬ 
tion of cis- and tra/jj-dibenzodiazocines 202 to yield the diastereomeric 
methano compounds 203 (66JOC3356); and imine reduction of 18 (R = 
R' = H) (see Section II,A,2), followed by reaction with formaldehyde, 
to afford 200 (R = Ph, R' = H) (77FES33). 

Diazocine C—C bridging was accomplished when dibenzodiazocinedii- 


R 



200 102 
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206 


minium salt 204 (R = Me) was hydrolyzed in aqueous methanol to afford 
the 6,12-epoxy compound 205 (67JHC435). Also, a by-product in the acet¬ 
ylation and sulfonation of 102 (R = R' = Ts, R^ = H) is the oxide 206 
(R = H) (66DIS406B), whereas oxidation of 102 (R = R' = Ts, R^ = H) 
led to formation of the hemiketal 206 (R = OH) (66DIS406B, 66JOC277). 

The diazocine 59 (R‘ = R^ = Me, R^ = R" = CHjOCH^Ph) (see Sec¬ 
tion II,B,2) was used as the starting material for the synthesis of the inter¬ 
esting cage structure 207 (78TL547). The reaction of 1,5-diazacyclooctane 



59 207 


(7, R = R' = H) with 4-chlorobutanal and 5-chloropentanal yielded the 
azaazoniatricycloalkane chlorides 208 and 209 respectively. The salts 
were cleaved with lithium aluminum hydride to give bicyclic diamines 210 
and 211, respectively (82TL4181). 




208 


209 
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B. Eight-Membered Ring-Preserved—Substitutions, 
Functionalizations , Defunctionalizations, 
Oxidations, and Reductions 

Substitutions include substitutions at carbon (19CB2224; 54JCS3429; 
55JCS991; 67CC1077, 67JOC2425 ; 74ACS(B)313); N-functionalizations in¬ 
clude alkylation (63BRP926624; 66JOC3356; 67FRP1497272; 67SZP416654; 
81MI1), acylation (67JMC642, 67SZP436288 ; 69JCS(C)882; 77FES33; 
79CPB2927), sulfonation (70FES830), and nitrosation (62BEP610039; 
65SZP383392; 66JOC3356; 69JCS(C)882). Defunctionalizations include 
N-deacylations (54JCS3429; 77FES33), N-desulfonations (72JOC2208), 
and C—N to C—H transformations [i.e., hydrazide 114 (R = NHNHj) 
to parent diazocine 114 (R = H)] (67CC1077). An example of a dehydra¬ 
tion is the conversion of a saturated hydroxybenzodiazocine to an unsatu¬ 
rated one (see Section II,C,1) (68JCS(C)2862). Oxidations include forma¬ 
tion of N-oxides (79CPB2608), conversion of a C—N bond to a C=N 
bond (71USP3577557), and oxidation of alcohols (66DIS406B, 66JOC277; 
66JOC277). Reductions include C=N to C—N transformations 
(66JA1077, 66JOC3356; 67JHC435; 75M13; 79CPB2618) and carbonyl re¬ 
ductions (66USP3247206; 70FES830; 79JOC4473; 81FES425; 81MI1). 



114 

C. Eight-Membered Ring-Preserved—Other 
Reactions 

In an interesting rearrangement, the bishydrobromide 212 was con¬ 
verted in dimethyl sulfoxide to the bis(p-bromophenyl) compound 213 
(72JCS(P1)1209). A unique l,5-diazocine-to-l,5-diazocine transformation 
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has been reported in which 35 (R = R‘ = H), formed by a polyphosphoric 
acid-catalyzed Beckmann rearrangement (see Section underwent 

further reaction with polyphosphoric acid to give imide 79 (79MI1). (See 
Section II,B,4 for another interesting route to 79.) 


Br 



D. Diazocine Ring Contractions and Expansions 

Milkowski and co-workers, in a series of reports, found that the acyclic 
benzamidoaniline 214 could be cyclized with phosphorus oxychloride to 
afford benzo-l,4-diazepines 215 and benzo-l,5-diazocines 46 (see Section 
II,A,4) (73GEP2221558; 74GEP2314993; 76GEP2520937, 76MI1,76MI2). 
The pharmacologically important 215 arose by ring contraction of the cor¬ 
responding 46 by heating the latter with phosphorus oxychloride in re¬ 
fluxing 1,1,2,2-tetrachloroethane (73GEP2221558; 74GEP2314993), or by 
treating 46 with alkoxide or hydroxide (76GEP2520937; 86USP4595531). 
In another example of a ring contraction, Sternbach and co-workers 
treated dibenzodiazocines 138 with quaternizing agents such as dimethyl 
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ArNRCHjCHOHCHjNCOAr' 

214 

R : H,Me,CHjPh 
Ar, Ar’ = various 



R □ H, ME, CHjPh 
R = OR, OH, OAc, OCHjPh, Cl, CN 
morpholinyl, NH,, COOEt, etc. 

R^R*=H, hal, NO,, CF,, R, OR 

R», R>=0CH,CH,0 

Ar'= Ph; o-halC,H^; o-CF,CjH^; 

2 - furyl; 2 - thienyl; 2,4, - CljCjH,, 
3,4 - CljC.H,; 3 - CF,C,H,; alk C,H, 


46 


R=H; Me; PhCH, 

R’ =OH; OAc; OCOPh; Cl 

Ar = Ph; 2 haIC.H,; 2,4CI,C,H,; 3,4, CI,C,H,; SCFjC.H,; 

2CF,C,H,; 3,4, (OMe),C,H,; 2 - furyl; 2, 6 F,C,H, 

R2 = H; Cl; Br; NO, 


sulfate to yield bis quaternary imminium compounds that are derivatives 
of 204 (see Section IV,A), as well as related monoquaternary salts. These 
salts were then split with glycine ethyl ester to afford the pharmacologi¬ 
cally useful benzodiazepines 216 (67USP3297685). 




R' -R’sH, hal, lower R, OR, 
NO,,CF„CN, SR, SO,R, 
R« = H, lower alk, PhCH, 


138 
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Two groups found that dibenzodiazocine 35 (R = R‘ = H) undergoes 
ring contraction to benzoxazine 118 by heating in the presence of 
(67M12), or absence of (68CI(L)1809), polyphosphoric acid. Compound 
35 (R = R' = H) at higher temperatures in polyphosphoric acid yielded 
a high melting compound whose elemental composition was consistent 
with the formula CjgHioNjOz. It was suspected of containing a quinazo- 
lone moiety, but no definite structure was assigned (67MI2). Treatment 
of c/s-102 (R = R' = Ph, R^ = H) with phosphorus tribromide yielded a 
mixture of isomeric piperazines (217 and 218) (71JOC3361). Reaction of 



118 217 


benzodiazocines 34 [R' = R^ = R”* = R® = R^ = H; R’ = Cl; R’ = H 
(79CPB2589), CH^CO^Et (79CPB2608)] with methanolic hydrogen chlo¬ 
ride afforded the quinazolines 219[R = H, R' = C1(79CPB2589); R = 
CHjCOjEt, R‘ = CI(79CPB2608)], whereas the homologous benzodiaze¬ 
pine did not undergo ring contraction (79CPB2589). 



34 

A common transformation of dibenzo-l,5-diazocines has been reduc¬ 
tive ring contraction into isoindoloindoles. Sternbach and co-workers re¬ 
ported that diazocine 138 (R, R', R’-R® = H; R^ = Cl) reacted with zinc 
and acetic acid to give 220 (R = R' = H, R^ = Cl), whereas the dihydro 
compounds 221 (R = H, Me), in the presence of sodium borohydride, 
afforded 220 (R = H, R' = Me, R' = Cl) and 220 (R = R’ = H, R' = 
Cl), respectively (66JA1077, 66JOC3356). Catalytic hydrogenation of the 
N-methyl monoquaternary analogue of the bis salt 204 afforded 220 (R = 
R' = Me, R^ = Cl) (67JHC435). Koch and Dessy found that electro- 
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chemical reduction of 138 (R, R', R^-R* = H, R^ = H, Cl) yielded 220 
(R = R' = H, R' = H, Cl) (82JOC4452). 



220 221 

Fuchigami et al. reported the electrooxidative N—N coupling of dia- 
zocine 222. Use of platinum, carbon, and nickel electrodes afforded the 
diazabicyclooctane 223 and dihydropyrazole 224, whereas use of a silver 
electrode yielded only the latter compound (78CL1473; 80BCJ2040). (For 
the reverse of the 222 -> 223 closure, see Section II,B,2). 



224 


In the only reported 1,5-diazocine ring expansion, Crombie et al. uti¬ 
lized the Homalium alkaloid precursor 180 (R = R' = H) (see Section 
II,D) as a synthon for an intramolecular transamidative ring expansion in 
a synthesis of the 13-membered (±)-dihydroperiphylline [225, R = (E)- 
cinnamoyl], a natural product from Peripterygia marginata (87MI1). In 
this sequence [Eq. (8)], the diazocine 180 (R = R' = H) was alkylated 
with l-bromo-4-chlorobutane to afford 180 [R = H, R' = (CH2)4C1]. Liq¬ 
uid ammonia converted this compound into 180 [R = H, R' = 
(CH 2 ) 4 NH 2 ]. Transamidation of the latter material to 225 (R = H) was 
accomplished using KNfSiMejlj-THF. Selective acylation of this triaza- 
cyclotridecane with (£)-cinnamoyl chloride yielded (±)-dihydroperiphyl- 
line [225, R = (£)-cinnamoyl] (86TL5151), [For an alternate synthesis of 



56 


HOWARD D. PERLMUTTER 


[Sec. IV.E 


dihydroperiphylline via transamidative ring expansion of a diazonine (as 
well as other lactam ring expansions to biologically interesting macrocy- 
clic lactams and lactones), sec 87MI1.] 



180 

R:R':H 


180 

R = H 

R' = (CH,),NH, 


( 8 ) 


o 



225 

R:H 


E. Ring Openings 

Early 1,5-diazocine ring openings utilized bis quaternary salts of perhy- 
dro-l,5-diazocines. Knorr and Roth treated the salt 97 (R = Me) with 
alkali and obtained N.N-dimethylallylamine and 2 -propenyl ether 
(06CB1420). Two groups demonstrated the relative instability of an eight- 
membered heterocyclic ring relative to lower homologues such as piperi¬ 
dine (see Section III). Horlein and Kneisel found that the bis salt 97 [RR 
= —(CH 2 ) 4 —] cleaved in alkali to give A^.A^'-trimethylenedipiperidine 
(06CB1429), while von Braun and Goll reported that the bis(tetrahydroi- 
soquinolinium) salt 98, when heated in tetrahydroisoquinoline, afforded 
N,A^'-trimethylenebis(tetrahydroisoquinoline). This latter compound was 
also obtained when 98 was heated in piperidine, along with co-products 
N^.A^'-trimethylenedipiperidine and l-(l-piperidinyl)-3-(2-tetrahydroiso- 
quinolinyl)propane (27CB339). Muller et al. treated Ar,Ar'-ditosyl-l,5-dia- 
zacyclooctane (7, R = R' = Ts) with methyl iodide. Further reaction 
with sodium p-napthoxide yielded l,3-bis(p-naphthoxy)propane 
(53M1206). 

Sekiguchi hydrolyzed 1,5-diazocinedione 50 (R = R' = H) and ob¬ 
tained 1,3-diaminopropane and malonic acid, while the triazolo derivative 
51 afforded 1,3-diaminopropane. The 7 -aminobutyric acid also formed in 
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7 


these hydrolyses was due to the presence of 1,4-diazocine isomers of 50 
(R = R' = H) and 51 (65BSF691; 89AHC185). Hydrolysis of 49 afforded 
aspartic acid. In an unsuccessful attempt to separate the diasteriomers of 
49, the compound was heated with acetic anhydride. The resulting prod¬ 
uct, the result of a decarboxylative incorporation of 2 mol acetic acid and 
loss of 3 mol water, was said to be the oxazolyl aspartic anhydride 226 
(54CB482). 





NHCOCHjCONHCHjCRjCHjNHCOCHiCONHCHjCRjCHj 


d 


227 
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Iwakura et al. polymerized 50 (R = R' = H) in both solid and molten 
state to give poly(trimethylenemalonamide) (227, R = H). The dimethyl 
derivative 50 (R = R' = Me) could be polymerized to 227 (R = Me) in 
the molten state but not in the solid state (73MI1) 

Ring opening of the diazocine ring in 192 to give indole 194 accompa¬ 
nied closure of 192 to the indole (see Section IV,A) (79CPB2618). The 
dinitrosamine 67 (R' = R^ = H, R"* = R^ = NO) gave, on reduction 
with tin and hydrochloric acid, greater than one equivalent of 4-amino-m- 
xylene (35JA583); bislactam 35 (R = R' = SOjPh, Ts) reacted with Grig- 
nard reagents R^MgBr to produce hydroxysulfonamides 228 (R' = 
SO^Ph, Ts; R' = MepMeC 6 H 4 , Ph) (49JCS384), while reduction of 35 (R 
= R* = SOjPh, Ts, SOj-a-naphth) with lithium aluminum hydride af¬ 
forded 228 (R' = SOjPh, Ts, SO^-a-naphth; R' = H) (52JCS2435). Simi¬ 
lar reduction of 35 (R = R' = Me) produced 228 (R' = Me, R^ = H) 
(72BSF2868). Diazocine 35 (R = R' = 2,3Me2C6H3) afforded, on alkaline 
hydrolysis, the analgesic N-(2',3'-dimethylphenyl)anthranilic acid 
(65GEP1190951). Hydrolysis of 35 (R = H, R‘ = Mes) in aqueous alco¬ 
holic alkali gave 229 (66YZ107). Solvolysis of the bis salt 204 (R = Me, 
Cl) in methanol gave the unstable dimethyl ketal of 2-(N-methylamino)- 
5-chlorobenzophenone, which underwent facile hydrolysis to the ketone 
(67JHC435), whereas aqueous hydrolysis of other benzene-substituted 
derivatives of these salts (204, R = alk, PhCHj) (see Section IV ,D) gave 
various o-aminobenzophenones (67USP3297685). Similar hydrolysis of 
138 (R-R* = H) yielded 2,5-diaminobenzophenone (79M12). 



V. Applications 

1,5-Diazacyclooctanes 7 have found application as diuretic intermedi¬ 
ates (62BEP613566); as antitumor agents and for treatment of chorea in 
dogs or muscular spasms in other animals (64USP3117963); as antihista- 
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mines and/or anthelmintics (62BEP610375; 66USP3247206); as homo- 
logues of antihypertensive agents (63BRP926623); as neuromuscular 
blocking agents (7, R = alkyl, R‘ = alkylguanidine) (67SZP416654); and 
as general pharmaceutical intermediates (65SZP383392, 65SZP390925; 
66USP3247206). Nonmedicinal uses include polymerization or vulcaniza¬ 
tion accelerators, antiknock agents, and scavengers in motor fuels and 
oils (62BEP610375). Also, compounds 7 (R = R' = chloromethyl, sul- 
famido) have found use as analgesics and fungicides (65USP3184447, 
65USP3203952). Derivatives of 1,5-diazacyclooctane have also found use 
as tranquilizers (81EUP42354) and as coronary dilators [i.e., 7, R = R' 
= 3,4,5(OMe)3C6H2CO(CH2)3—] (68BRP1107470). 

Diazocine 153 was an explosive analogue (83S830) (see Section 11,C,4). 
Lactams 146 found application as bacteriocides and as metal corrosion 
inhibitors (80MIP1; 81JAP81/154468, 81MI2). The isomeric 1,4-diazo- 
cines found similar uses (89AHC185). Antiinflammatory activity was 
found for bislactam 50 (but less than that for the homologous diazepine) 
(81 FES 135), whereas isomeric bislactam 49 polymerized to polyO-ala- 
nine) (69MI1). The unsaturated diol 230 had applications as an insecticide 
and fungicide (77USP4001215). The acetate salt of 73 (R = H, R' = R" 
= Me) (see Section II,B,3) was polymerized with terephthaloyl chloride 
to give 231. Diazocine 73 (R = H, R' = R^ = Me) was also copolymer¬ 
ized with ethylene glycol bis(chloroformate) and similar diacids and 
bis(chlorofonnates) to prepare other polyamides and poly(esteramides). 



R', R^ R’, = H, Me 



231 


73 
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Polymer 231 and the other polymers have excellent thermal and photo- 
lytic stabilities, and are useful as fibers, films, coatings, moldings, adhe¬ 
sives, etc. (70USP3503939). 

The photoconductivities of the novel poly(l,5-benzodiazocines) 88 (see 
Section II,B,4) have been studied (78MI1). Ring opening of eight-memb- 
ered bislactam 50 resulted in formation of polymer 227 (see Section 
IV,E). Benzo-l,5-diazocines such as 10 were found to lower blood pres¬ 
sure (70USP3488345). Bislactams 8 displayed unspecified pharmacologi¬ 
cal properties (70FES991). Compounds of type 12 have found use as cen¬ 
tral nervous system (CNS) depressants and/or have antiaggressive and/or 
other CNS effects (66USP3294782; 69JPS830; 71USP3577557; 80KFZ45), 
are sedatives and/or muscle relaxants and/or hypnotics and/or tranquiliz¬ 
ers (69GEP1814332; 71JAP7I/04176, 71JAP71/04177), and have anticon¬ 
vulsant activity (69GEP1920908). 



R = Ph, CHjPH 12 


The imine N-oxides of pyrazolodiazocines 170 were antidepressants 
(74GEP2423642). Piperidinodiazocines 110 were found to be antihista¬ 
mines (72GEP2141464). Completely unsaturated conjugated diazocines 75 
are tranquilizers (76GEP2525094) and sedatives (76GEP262761). Kuwada 
et al. have prepared a series of benzo-l,5-diazocines (see Sections II,A,2, 
IV,A) that were useful as analgesics and/or antiinflammatory agents and/ 
or anticonvulsants and/or sleep-prolonging agents and/or diuretics and/or 
muscle relaxants. The compounds were the amidine 232 (73JAP73/99191), 
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170 n = 0,1,2 

R' = various; R> h H R = H, OMe 

Ar H m - CIC,H«. m - R’ = H, Cl, F, OMe 

p - CIC.H., m - CF.C.H,, m - BrC.H. RR’ = -OCH.O- 

R» = H, Ph, CHjPh 



R = H, Me, Et, R -Pr, Ph, 2-furyl 
R’s H, CHjOH 

the pyrimidinodiazocine 199 (73GEP2261777), the oxadiazolodiazocine 
233 h4GEP2356308), and the triazolodiazocine 24 (74JAP74/85095). 

The dibenzodiazocines 138 (see Section II,C,3) have been extensively 
studied as antigonadotropic (65MI1; 66FRP1463527, 66JMC633, 
66USP3243430; 67MII; 76ZOB1893), blood cholesterol-lowering 
(66USP3243430), hypotensive and psychotropic (76ZOB1893), and espe¬ 
cially as estrogenic (contraceptive) agents (65MI1; 66USP324340; 67M11; 
70JAP70/06271; 71MI2). The lactams 23 were suitable as mild tranquiliz¬ 
ers (67JMC642; 68USP3409608). 



232 199 

x = o,s 


R - R’ = various 
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I. Introduction 

Among six-membered nitrogen-containing heterocycles the 1,2,4-tri- 
azines have attracted the attention of chemists for a long time. This is due 
to the fact that many 1,2,4-triazine derivatives are biologically active and 
are used in medicine and agriculture (78HC(33)189; 84M13; 840PP199). 
Moreover, 1,2,4-triazines are of chemical interest. They proved to be 
very susceptible to attack by all kinds of nucleophiles, leading to addition 
and subsequently either substitution or cyclization, and ring transforma¬ 
tion (78HC(33)189; 83AHC305, 83T2869; 84MI3; 85T237; 86CRV781; 
87MI1; 88AHC301, 88T1). During the last two decades, 1,2,4-triazines 
have also been shown to be useful starting materials for the synthesis of 
a great variety of functionalized pyridines, pyrimidines, and other hetero¬ 
cyclic systems by means of Diels-Alder cycloaddition reactions 
(83T2869; 86CRV781; 87MI1). Discovery of intramolecular transforma¬ 
tions of 1,2,4-triazines has given a strong impetus to new investigations 
on intramolecular Diels-Alder reactions of 1,2,4-triazines (84AP379, 
84CZ331; 85AP1048, 85AP1051, 85TL2419, 85TL4355; 86TL431, 
86TL1%7, 86TL2107, 86TL2747; 87TL2747; 87JOC4280, 87JOC4287, 
87T5145, 87T5159). For this reason the synthesis of numerous 1,2,4-tri¬ 
azines containing alkenyl or alkynyl side-chain substituents has been 
developed. 

This continuing and lively interest in this area of heterocyclic chemistry 
has produced a great number of publications and patent applications. 
Since 1978, several excellent monographs and reviews covering different 
aspects of preparation, chemical, and physical properties of 1,2,4- 
triazines have been published (78HC(33)189; 80S165; 83T2869; 84MI3, 
840PP199; 86CRV781; 87MI1). No review dealing with reactivity of sim¬ 
ple 1,2,4-triazines toward nucleophilic reagents is so far available, although 
a huge amount of literature has appeared dealing with the dependency of 
the reactivity of the 1,2,4-triazine ring on type of activation, nature of 
substituents and leaving groups, character of nucleophile employed, sta¬ 
bility of CT-adducts, site selectivity, and other factors. This article does 
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not pretend to be an exhaustive compilation of all data on the reactivity 
of 1,2,4-triazines. Rather, it concentrates on the behavior of monocyclic 

1.2.4- triazines in reactions with C-, N-, 0-, and S-nucleophiles, because 
important features of general character established for simple 1,2,4-tri- 
azines can evidently be applied to other derivatives, including condensed 

1.2.4- triazines. We cover, with some exceptions, the literature from 1968 
through 1987, with some 1988 references. References appearing before 
1968 can be found in the literature mentioned in this articles. 


11. Some Physical and Spectroscopic Properties of 1,2,4- 
Triazines 


A. Uncharged 1,2,4-Triazines 

1,2,4-Triazine is a very ir-deficient heterocyclic system. Quantitative 
data on ir-deficiency of azaaromatic compounds obtained by ’’C-NMR 
spectroscopy indicate that 1,2,4-triazines are more electron-deficient 
compounds than pyridines, pyrimidines, pyrazines, or pyridazines 
(Scheme 1) (820MR192). 



’^4 1.00 0.89 0.77 0.71 0.64 

Scheme 1. ir-Deficiency values (irA) for some azines (a lower value refers to a more ir- 
deficient system). 

Indeed, 1,2,4-triazines have a profound tendency to react with nucleo¬ 
philic reagents. All carbon atoms in 1,2,4-triazines are vulnerable to at¬ 
tack by nucleophiles (78HC(33)189; 84MI3, 840PP199); however, reactivi¬ 
ties of C-3, C-5, and C-6 positions differ greatly, depending on the 
substituents present in the ring. 

Theoretical calculations of (a -t- Trl-charge distribution for the parent 
compound using semiempirical methods show that in the ground state C- 
3 is the most electrophilic of all positions (Table I). 

An insight into the electronic structure of 1,2,4-triazines can also be 
provided by 'H-, '^C-, and ’’N-NMR spectroscopy data (for review, see 
88MI2), There are many examples in which '^C chemical shifts correlate 
satisfactorily with total (cr + TT)-electron charge densities on carbon 



76 


V. N. CHARUSHIN et al. 


[Sec. II.A 


TABLE I 

(ct + it) andit-Charge Distribution” in Molecules of 1,2,4-Triazine and Some 
3-Substituted 1,2,4-Triazines (CNDO/2) 


1.2,4-Triazine N-1 N-2 C-3 N-4 C-5 C-6 References 


Unsubstituted -0.043 

(-0.009) 

(- 0 . 002 ) 

3-Methoxy- -0.024 

(0.033) 

3-Methylthio- -0.034 

(0.024) 

3-((V.N-Dimet)iyl- -0.018 

amino (0.042) 

3-Phenyl- -0.048 

(- 0 . 021 ) 


-O.IOI 0.155 

(-0.072) (0.055) 

0.150 

(-0.069) 

0.135 

-0.140 0.309 

(-0.140) (0.099) 

-0.119 0.201 

(-0.113) (0.078) 

-0.167 0.287 

(-0.157) (0.130) 

-0.116 0.183 

(-0.094) (0.069) 


-0.134 0.099 

(-0.047) (0.064) 

0,093 

(-0.049) 

0.091 

-0.184 0.114 

(-0.100) (0.089) 

-0.159 0.105 

(-0.078) (0.078) 

-0.207 0.118 

(-0.110) (0.092) 

-0.163 0.111 

(-0.062) (0.072) 


0.040 88KGS525 

(0.012) 88MII 

0.017) 750MRI94 

78BAP285 
0.035 70JA7I54 

0.017 88KGS525 

(-0,040) 88M1I 

0.026 88KGS525 

(-0.078) 88M1I 

0.(K)4 88KGS525 

(-0.055) 88M11 

0.026 88M1I 

(-0,(X)1) 88MII 


atoms in l,4-(iiazines and 1,2,4-triazines calculated by the CNDO/2 
method (750MR194; 80OMR172; 88KGS525). From Table II, showing 
the '^C chemical shifts of some 1,2,4-triazines, it is evident that the C-3 
carbon is mostly deshielded and, as a rule, it resonates at the lowest field, 
in full agreement with calculation. Thus, according to both theoretical 


TABLE II 


’’C-Chemical Shifts for Selected L2,4-Triazines in CDCI, 


Compound 

C-3 

C-5 

C-6 

References 

1,2,4-Triazine 

158.1 

149.6 

150.8 

750MR194 

3-Methyl-1,2,4-triazine 

167.7 

148.9 

147.7 

750MR194 

5-Methyl-1,2,4-triazine 

157.0 

160.5 

150.9 

750MR194 

6-Methyl-1,2,4-triazine 

155.8 

149.6 

159.3 

750MR194 

3-Phenyl-1,2,4-triazine 

164.0 

148.7 

147.7 

750MR194 

5-Phenyl-1,2,4-triazine 

157.5 

155.5 

146.8 

750MR194 

6-Phenyl-1,2,4-triazine 

156.1 

146.6 

157.8 

750MR194 

3-Methylthio-1,2,4-triazine 

174.3 

148.0 

145.2 

88KGS525 

3-Amino-l ,2,4-triazine” 
S-tTV.A'-Dimethylamino)- 

163.3 

149.8 

140.6 

86H951 

1,2,4-triazine 

160 

148 

138 

77JOC546 

3-Morpholino-l ,2,4-triazine 
3-Amino-5,6-diphenyl- 

161.1 

148.6 

140.1 

86KGS1535 

1,2,4-triazine" 

162.1 

158.9 

147.1 

86H951 


■In DMSO-</s. 
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calculations and '^C-NMR data, the C-3 position of the 1,2,4-triazine ring 
is the most electron-deficient and seems to be the preferential site for a 
nucleophilic attack, provided, of course, that reactions of 1,2,4-triazines 
with nucleophiles belong to a charge-controlled interaction. On the other 
hand, ir-charge distributions in molecules of 1,2,4-triazines show that C- 
3 and C-5 have rather similar ir-deficiency indices (Table I), suggesting 
that both of these positions are likely to be attacked with nucleophiles. 


B. N//-1,2,4-Triazinium Salts 

The basicity of nitrogen atoms in 1,2,4-triazine and its 3-substituted 
derivatives increased as follows: N-4 > N-2 > N-1, as can be seen from 
both calculated (a + '7r)-charge distribution indices (Table I) (78BAP285; 
88KGS525) and experimental '“N- and ‘^N-NMR data for some 1,2,4-tri¬ 
azines (Table III) (78BAP285; 79JMR227; 84SA(A)637; 88KGS525, 
88MI2). The distribution of ir-charge over the ring nitrogens is somewhat 
different: N-2 > N-4 > N-1 (Table I). Therefore, protonation of 1,2,4- 
triazines can be expected to occur at either N-4 or N-2. On the other 
hand, N^H- and A^^-protonated salts are thermodynamically more fa¬ 
vored, as protonation of one of the two neighboring nitrogen atoms elimi¬ 
nates repulsion of electron pairs, which is a quite important feature of the 
basicity in 1,2-diazine derivatives (85MI1). A theoretical study on proton¬ 
ation of 1,2,4-triazines (87MI3) predicts that the N^H-1,2,4- triazinium 
cation is the most stable because of the N‘ hydrogen bond 

formation. 

Experimental data concerning protonation sites for monocyclic 1,2,4- 
triazines are still not sufficient to make any generalization of this phenom¬ 
enon. On the basis of ultraviolent (UV) spectroscopic studies it has been 


TABLE HI 


’N- AND '“N-Chemical Shifts for Selected 1,2,4-Triazines 


1,2,4 Triazine 

Solvent 

Nuclei 

N-1 

N-2 

N-4 

References 

Unsubstituted 

DMSO-</« 

'’N 

420.0 

382.0 

318.0 

84SA(A)637 


Ether 

'‘N 

422 

378 

299 

78BAP285 

3-Methoxy- 

DMSO-^/, 

■’N 

416.0 

322.0 

253.6 

84SA(A)637 


CDCIj 

«N 

435 

335 

260 

88KGS525 

3-Methylthio- 

DMSO-«/„ 

•’N 

412.0 

351.0 

282.0 

84SA(A)637 


CDCIj 

'"N 

430 

366 

288 

88KGS525 

3-Amino- 

DMSO-d« 

'^N 

415.7 

319.0 

250.0 

84SA(A)637 

3-Morpholino- 

CDCIj 

'"N 

432 

338 

265 

88KGS525 
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concluded that protonation of 3-methyl-5-niethoxy-l,2,4-triazine occurs 
at either N-2 or N-4 (72LA111). However, experimental 'H-, '^C-, and 
‘“'N-NMR studies performed on some 3-substituted 1,2,4-triazines have 
revealed that a mixture of interconverting prototropic forms is present in 
solution with preferential contribution of the iV‘//-isomeric salt (Scheme 
2) (88KGS525). 



Scheme 2 


As far as reactivity of isomeric AW-triazinium salts toward nucleophilic 
reagents is concerned it appears that N^H- and AT'/Z-triazinium cations 
are more appropriate substrates than A('H-triazinium cations. The addi¬ 
tion of nucleophiles in these N^H- and AT’/f-salts seems to be favored at 
C-5 (ortho or para positions relative to the charged nitrogen atom) for 
both kinetic and thermodynamic reasons and gives rise to rather stable 
(T-adducts (67YZ1501; 70JHC767 ; 78HC(33)189; 88KGS525). Unfortu¬ 
nately, no reliable data on the kinetically controlled addition of nucleo¬ 
philes to N//-triazinium cations have so far appeared in the literature. 

C. 1,2,4,-Triazine N-Oxides 

The three isomeric 1,2,4-triazine A-oxides can be employed as sub¬ 
strates in reactions with nucleophilic reagents. However, they are specific 
with respect to the fact that two opposing factors affect charge distribu¬ 
tion in their molecules. The electron-withdrawing ability of the N-oxide 
function seems to activate the ring carbon atoms for a nucleophilic attack 

(la) , however, this activation effect is partially compensated by the back- 
donation effect, which is especially significant for 1,2,4-triazine (V-oxides 

(lb) (Scheme 3) (82H93; 84SA(A)637; 85SA(A)1135). 



Scheme 3 
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When comparing the 'H- and '^C-NMR data of 1,2,4-triazines with their 
corresponding N-oxides one reaches the conclusion that resonance struc¬ 
ture lb contributes considerably to the overall picture of charge distribu¬ 
tion in these molecules (Tables IV and V) (76LA153; 77JOC546; 82H93; 
84SA(A)637; 85SA(A)1135). Indeed, the 'H-NMR spectra of 1,2,4-tri- 
azine 7V-oxides exhibit the H-a and H-y signals at significantly higher field 
relative to those for the corresponding 1,2,4-triazines (Scheme 4, Table 
IV) (71JOC787, 71LA12; 77JHC1221, 77JOC546; 78JOC2514, 78RTC273; 
80JOC5421). 


TABLE IV 


'H-NMR Spectral Data for Selected 1,2,4-Triazines and Their V-Oxides in 
CDCl,” 


Compound 

H-3 

H-5 

H-6 

References 

1,2,4-Triazine 

9.63 

8.53 

9.24 

77JOC546 

1,2,4-Triazine 1-oxide 

9.00 

8.57 

8.04 

71JOC787; 77JOC546 


(-0.63) 

(0.04) 

(-1.20) 


1,2,4-Triazine 2-oxide 

8.82 

8.00 

8.42 

77JOC546 


(-0.81) 

(-0.53) 

(-0.82) 


3-Methoxy-1,2,4-triazine 

— 

8.56 

9.16 

70JHC767 

1-Oxide 

— 

8.37 

7.83 

71JOC787 



(-0.19) 

(-1.33) 


2-Oxide 

— 

7.70 

8.12 

77JOC546 



(-0.86) 

(-1.04) 


3-Amino-1,2,4-triazine'’ 

— 

8.53 

8.88 

77JOC546 

2-Oxide'’ 

— 

8.19 

8.23 

77JOC546 



(-0.34) 

(-0.65) 


3-(N,N-Dimethylamino)- 





1,2,4-triazine 

— 

8.14 

8.15 

77JOC546 

2-Oxide 

— 

7.76 

7.86 

77JOC546 



(-0.38) 

(-0.65) 


3-Morpholino-l ,2,4-triazine 

— 

8.14 

8.54 

86KGS1535 

2-Oxide 

— 

7.81 

8.02 

77JOC546 



(-0.33) 

(-0.52) 


6-Methy]-1,2,4-triazine 

9.55 

8.55 

— 

71LA)2 

4-Oxide 

9.28 

8.22 

— 

71LA12 


(-0.27) 

(-0.33) 



6-Phenyl-1,2,4-triazine‘ 

9.52 

8.91 

— 

71LA12 

4-Oxide 

9.31 

8.60 

— 

71LA12 


(-0.21) 

(-0.31) 




“The numbers in parentheses refer to the shielding (-) or 
function. 

‘in DMSO-d6. 

‘ In CCI4. 


deshielding effect of the N-oxide 
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TABLE V 


‘^C-NMR Spectral Data for Selected 1 ,2,4-Triazine N-Oxides" 


Compound 

C-3 

C-5 

C-6 

References 

1,2,4-Triazine I-oxide 

158.5 

152.7 

129.7 

86H951 


(0.4) 

(3.1) 

(-21.1) 


2-oxide 

143.5 

132.5 

146.0 

86H951 


(-14.6) 

(-17.1) 

(-4.8) 


3-Methoxy-1,2,4-triazine 





1-oxide 

166.5 

154.0 

124.5 

77JOC546 


(2.5) 

(4.0) 

(-18.5) 


2-oxide 

152.5 

130.0 

135.5 

77JOC546 


(-11.5) 

(-20.0) 

(-7.5) 


3-Amino-l ,2,4-triazine 





1-oxide* 

165.0 

155.9 

120.7 

86H95I 


(1.7) 

(6.1) 

(-19.9) 


2-oxide* 

151.6 

132.4 

134.9 

86H951 


(-11.7) 

(-17.4) 

(-5.7) 


3-(A',N-Dimethylamino)- 





1,2,4-triazine 1-oxide 

161 

152 

120 

77JOC546 


(1) 

(4) 

(-18) 


2-oxide 

151 

132 

133 

77JOC546 


(-9) 

(-16) 

(-5) 


3-Amino-5,6-dimethyl- 





1,2,4-triazine 1-oxide* 

166.0 

164.3 

119.4 

86H951 


(3.9) 

(5.4) 

(-27.7) 


2-oxide* 

148.9 

140.2 

144.2 

86H951 


(-13.2) 

(-18.7) 

(-2.9) 


4-oxide* 

154.4 

143.0 

148.7 

86H95I 


(-7.7) 

(-15.9) 

(1.6) 


5-Methyl-1,2,4-triazine 





1-oxide 

158.7 

166.1 

129.1 

86H951 


(1.7) 

(5.6) 

(-21.8) 



“In CDCI3, unless indicated otherwise. Shielding or deshielding effect of the N- 
oxide function is given in parentheses. For the '^C chemical shifts of the parent 
1,2,4-lriazines, see Table II. 

*In DMSO-de- 


Comparison of the '^C-NMR spectra of 1,2,4-triazines with those of 
their isomeric N-oxides also reveals a great influence of the N-oxide func¬ 
tion on the resonance signals of neighboring a-carbon atoms. Oxidation 
at N-1 results in a large upheld shift of the C-6 resonances (18-27 ppm) 
(77JHC1221, 77JOC546; 86H95I), while oxidation at N-2 gives a large 
influence on both C-3 (9-15 ppm upheld) and C-5 (16-20 ppm upheld) 
(77JOC546; 86H951). In the '^C-NMR spectra of 1,2,4-triazine 4-oxides, 
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the C-3 and C-5 resonance signals are also shifted upheld (Scheme 4, Ta¬ 
ble V) (79JHC1389; 86H951). 


0- 



0' 


Effects of the N-oxide function on proton chemical shifts (ppm) 


0- 



0' 


Effects of the N-oxide function on CQrbon-13 chemical shifts (ppm) 


Strong upheld shifts for the resonance signals of the carbon atoms, lo¬ 
cated in the a- and 7-positions toward the N-oxide group in 1,2,4-triazine 
Af-oxides, are attributed to the back-donation effect of the N-oxide group. 
Contributions of structure lb to the resonance stabilization (Scheme 3) in 
1,2,4-triazine 1-oxide and 1,2,4-triazine 2-oxide were estimated to amount 
to 85 and 75% respectively, as shown by the ’’N-NMR measurements 
(82H93). Because of this back-donation effect, 1,2,4-triazine Af-oxides 
may be expected to be less reactive toward nucleophilic reagents than 
are the corresponding triazines. However, the reactivity of N-oxides is 
enhanced considerably when protonating, alkylating, or acylating agents 
are present in the reaction mixture. The process is supposed to begin with 
an electrophilic attack of (proton, alkyl, acyl, or any other electro¬ 
philic group) at the N-oxide oxygen to generate in situ the corresponding 
azinium cation 2, followed by interaction of the latter with a nucleophilic 
reagent Nu“ (Scheme 5). 



Scheme 5 
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This method of activation of N-oxides for nucleophilic attack is also 
well known in the chemistry of pyridine N-oxides (86H161) and other 
azine N-oxides (71MI1; 86MI2). It can be exemplified by the reaction of 
1,2,4-triazine 2-oxides with hydro halides, which proceeds via the inter¬ 
mediacy of 2-hydroxy-1,2,4-triazinium cations 3 (Scheme 6) (78JOC2514). 



Scheme 6 

This example shows that azinium cations generated from N-oxides are 
not always attacked by a nucleophile at C-a or C-y positions. In the 
above-mentioned reaction, it is the C-3 position that is the preferential 
site for nucleophilic attack. Reactions of this type are usually accompa¬ 
nied by loss of the N-oxide function. The presence of a substituent able to 
stabilize the positively charged species (e.g., 4) seems to be an important 
feature in determining the site selectivity for these deoxidative nucleo¬ 
philic substitutions (Scheme 6) (78JOC2514). Similar substitution reac¬ 
tions at C-3 (C-P) of the pyridine ring have also been observed in pyridine 
N-oxides (8611161). 

D. Alkyl-1,2,4-triazinium Cations 

Quaternary N-alkyl-l,2,4-triazinium salts are undoubtedly more reac¬ 
tive toward nucleophilic reagents than uncharged 1,2,4-triazines and are, 
therefore, attractive substrates. Only a few reports on the synthesis and 
reactions of N-alkyl-l,2,4-triazinium cations have been published 
(71CC1636; 78HC(33)189; 84LA283; 86KGS1535; 88KGS525). 
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As already mentioned, nitrogen atoms in 1,2,4-triazines have different 
basicities: N-4 > N-2 > N-1 (Tables I and III). Therefore, in principle 
three isomeric Ar-alkyl-l,2,4-triazinium salts can possibly be formed. It 
has been established, however, that the formation of 1,2,4-triazinium 
salts is governed predominantly by steric effects of the ring substituents. 
Triazines containing substituents at C-5 and C-6 are usually quaternized 
at N-2 (78HC(33)I89), while alkylation of 3-substituted or 3,5-disubsti- 
tuted 1,2,4-triazines occurs exclusively at N-1 (Scheme 7) (71CC1636; 
78HC(33)189; 86KGS1535; 88KGS525, 88MI2). In particular, the synthe¬ 
sis of 1-ethyl-1,2,4-triazinium salts containing an alkynylthio group at C- 
3 has been developed (Scheme 7) (88H(ip)). The latter proved to be more 
active in intramolecular Diels-Alder cycloaddition reactions than the cor¬ 
responding neutral triazines (see Section VI,B). 



R = CgHs. morpholino, pyrrolidine, SCH2C6H5, SCH2CH2C=CH. 

SCHjCHjCHjCsCH 

R = H, C5H5 

Scheme 7 

Molecular orbital (MO) calculations using the CNDO/2 method re¬ 
vealed that for the three isomeric N-methyl-1,2,4-triazinium cations, re¬ 
gardless of the position of the N-methyl group, the charge distribution is 
C-3 > C-5 > C-6 (Scheme 8) (88KGS525). Thus, methylation did not 
change the order of charge density compared to 1,2,4-triazine. However, 
alkylation of N-1 activates the C-6 position more than the C-5 position 
thus making the difference in charge density between C-5 and C-6 less 
than for the parent compound (Scheme 8). 

This also has been verified experimentally: l-alkyl-l,2,4-Triazinium 
salts are capable of reacting with nucleophiles both at C-5 and C-6 giving 
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0.040 

0.099 



0.072 

0.118 



0.182 




0.185 


Scheme 8 

rise to diadducts 5 (86KGS1535) or cyclization products 6 if bifunctional 
nucleophiles are used (88AHC301, 88TL1431) (Scheme 9). 



Scheme 9 


III. Nucleophilic Addition Reactions 

It is well recognized that many reactions between azaaromatic sub¬ 
strates and nucleophilic reagents are initiated by an addition step, leading 
to the formation of o-adducts (83AHC305). As far as 1,2,4-triazines are 
concerned, the formation of o-adducts with nucleophiles is especially fa¬ 
vored in this series because of the very low aromatic character of the 
1,2,4-triazine ring (74AHC255). Since these o-adducts play an important 
role as key intermediates in SN(AEr"‘’ (65AHC145; 78HC(33)189; 84MI3), 
Sn(ANRORC) (78ACR462), SnH (88T1), and other nucleophilic reac¬ 
tions, several aspects of o-adduct formation in the series of 1,2,4-triazines 
will be discussed in detail in the following sections; first the adduct forma¬ 
tion with mononucleophilic species (Sections III,A and B), then cycliza- 
tions with bifunctional nucleophiles (Section III,C). 
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A. Site Selectivity in Addition Reactions with 
Nucleophiles 

In principle, three anionic o-adducts (7-9), commonly featuring a tetra¬ 
hedral center, can be formed from reactions of 1,2,4-triazines with 
anionic nucleophiles (Scheme 10). Their neutral analogues, the corres¬ 
ponding dihydro-1,2,4-triazines, may also be obtained on protonation or 
when triazines react with uncharged nucleophiles or on addition of an¬ 
ionic reagents to cationic 1,2,4-triazinium salts. A considerable amount 
of literature data is available (78HC(33)189; 83AHC305; 84MI3; 85T237; 
88MI2) showing that these o-adducts can indeed be formed but that they 
differ vastly in their stabilities. The vast majority of C-, N-, and 0-, and 
S-nucleophiles have been reported to add easily at C-5 of the 1,2,4-tri- 
azine ring. The C-5 adducts, both anionic and neutral, are the most stable 
ones. They can usually be registered by NMR spectroscopy (83AHC305; 
85T237; 88MI2) and can quite often be isolated from the reaction mixture 
as neutral species. The C-3 adducts are found to be less stable, while C- 
6 adduct formation is rarely observed. There are only a few examples of 
C-6 monoadduct formation in reactions with C-nucleophiles, although in 
some cases their existence can be suggested based on the structure of 
reaction products. Examples are given in the following subsections. 

Thus, despite the fact that C-3 is the most electron-deficient position in 
the 1,2,4-triazine ring, it is the C-5 adduct which is the most stable. The 
greater stability of the C-5 adducts 8 is probably due to the p-quinoid 
contribution, leading to a negative charge at N-2, in contrast to the C-3 
and C-6 adducts, 7 and 9 which feature the o- quinoid structure (Scheme 
10) (65AHC145). 

Nu 

Nu Nu 

7 8 9 

Scheme 10 

1. Adduct Formation with C-Nucleophiles 

C-Nucleophilic reagents, both neutral and anionic, have been reacted 
with 1,2,4-triazine substrates. In particular, the interaction of uncharged, 
1,2,4-triazines with Grignard reagents leading to the formation of rather 
stable cT-adducts at C-5 of the triazine ring has been described by many 
authors (Scheme 11) (71JPR699; 73BSF2493; 79JHC427; 83IJC(B)559; 
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85H2807; 86H239; 87CPB1378, 87H3in). The reaction mechanism can 
be depicted as given in Scheme 11, suggesting that the reaction is initiated 
by the formation of 1,2,4-triazinium cations 10 and 13, generated in situ 
from 1,2,4-triazines and organomagnesium compounds, followed by addi¬ 
tion of the carbanion at C-5 (73BSF2493). 



MgX MgX H 

13 W 15 


Scheme 11 

Dihydro-1,2,4-triazines resulting from the addition of Grignard reagents 
at C-5 are supposed to exist in solution in two tautomeric forms, 12 and 
IS; however, the structure of 2,5-dihydro-l,2,4-triazines 12 is considered 
to be preferred over the 4,5-dihydro structure IS. This is probably due to 
the fact that when isolated from the rection mixture as crystalline prod¬ 
ucts these C-5 adducts proved to have the 2,5-dihydro structure (84MI3; 
85AHC1). Indeed, unequivocal evidence for the structure of 2,5-dihydro- 
3-methylthio-5-phenyl-l,2,4-triazine in a crystalline state has been ob¬ 
tained by X-ray analysis (80JOC4587; 81BCJ41). 

Analogously, 2,3,4,5-tetrahydro-l,2,4-triazines 16 are formed on 
addition of C-nucleophiles at C-5 when l,2,4-triazin-3-ones and 1,2,4- 
triazine-3-thiones react with alkyl- or arylmagnesium compounds 



Scheme 12 
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(Scheme 12) (70CR1201, 70LA177; 72BSF4637; 73BSF2818; 74ZN(B)792; 
78HC(33)189; 83IJC(B)559; 84JHC905). Thus, the reaction of 1,2,4-tri- 
azines with organometallic compounds can be regarded as a common way 
to introduce an alkyl or aryl substituent at C-5 of the 1,2,4-triazine ring. 

The addition of active methylene compounds of C-5 of 6-methyl-3-phe- 
nyl-1,2,4-triazine demonstrates a wider applicability of the reactions with 
carbanionic reagents for the synthesis of 5-substituted triazines (Scheme 
13) (87CPB1378). 



Scheme 13 

The C-3 and C-6 positions of the 1,2,4-triazine ring are also active in 
the addition of C-nucieophiles. The reaction of unsubstituted 1,2,4-tri¬ 
azine with phenylmagnesium bromide has been investigated to establish 
the relative reactivity of the ring carbons. The reactivity decreases in the 
order C-5 > C-6 > C-3 (87H3111). Evidence for both C-3 and C-6 adducts 
18 and 19 has been obtained from the reaction of 4,6-dimethyl-1,2,4-tria- 
zin-5-one with phenylmagnesium bromide (Scheme 14) (73BSF559). 
Quaternization of triazin-5-one 17 with dimethyl sulfate yields the A^-tria- 
zinium salt 20, which, as might be expected, easily adds Grignard re¬ 
agents at C-3 (Scheme 14) (74BSF999). 



20 


Scheme 14 
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Enamines, ketene-A^,A^-, -0,0-, and N,5-acetals and other electron- 
rich alkenes usually react with 1,2,4-triazines as dienophiles to cause 
transformation of the ring. These inverse electron-demand Diels—Alder 
cycloaddition reactions have been extensively reviewed (SOS 165; 
83T2869; 86CRV781; 87MI1). Therefore, in this article we do not pay too 
much attention to these transformations. There are, however, several 
known example in which enamines, enols, and thiols exhibit their carban- 
ionic nature and, when reacted with appropriately substituted 1,2,4-tri- 
azines, give (as well as cycloaddition) addition of these reagents at C-3 
(75TL2897) or C-5 (85LA1263; 86AP798) of the 1,2,4-triazine ring 
(Scheme 15). 



R' ,R* ,R’ = H, CHj , C5H5 , COOCHj 


Scheme 15 

Protonation of the 1,2,4-triazine ring enhances its electrophilicity and, 
therefore, facilitates the addition of carbanionic nucleophiles. However, 
only a limited number of C-nucleophiles may be used in reactions with 
A7/-triazinium substrates, because of possible proton transfer from sub¬ 
strate to reagent. Acetone seems to be an appropriate reagent for this 
kind of reaction, in spite of its very low C-nucleophilic character. Thus, 
6-phenyl-l,2,4-triazin-3-one dissolved in acetone in the presence of hy¬ 
drochloric acid gives the C-5 adduct 21 (Scheme 16) (85ACS(B)235). It 
is of interest that 5-phenyl-l,2,4-triazin-3-one remains unreactive under 
identical conditions, indicating that the addition reaction is sensitive to 
steric effects and can be completely blocked when the most reactive C-5 
position carries a substituent. 
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Scheme 16 

Another example of interaction between TV/Z-triazinium salts and C- 
nucleophiles is the reaction of 3-substituted 1,2,4-triazines with indoles in 
the presence of trifluoroacetic acid (Scheme 17) (87MI2; 88MI1). 



2. Adduct Formation with N-Nucleophiles 

1,2,4-Triazines containing substituents at C-3 and/or C-6 have been 
found to react easily with liquid ammonia yielding the C-5 amino adducts 
22 (Scheme 18). This addition reaction is characterized by high site selec¬ 
tivity. Only C-5 adducts are registered in the course of low-temperature 
NMR studies (78H1490, 78RTC273; 85S884, 85T237; 87JOC71; 88MI2). 
If the 1,2,4-triazine ring contains a substituent at C-5, the addition of am¬ 
monia does not occur (85T237). Also 3-amino-l,2,4-triazine does not 
show the occurrence of a C-5 a-adduct with liquid ammonia. 

With potassium amide, in addition to the major reaction of addition at 
C-5, the C-3 and C-6 positions of the 1,2,4-triazine ring are also attacked 
by the amide ion, resulting in very unstable C-6(C-3)-aminodihydro-1,2,4- 
triazinides 23 and 24 (Scheme 18) (85T237). 

Stability of amino adducts depends not only on the site to which the 
amino group is attached but also on the nature of substituents in the ring. 
For example, the C-5 adducts 5-azacycloalkyl-2,3,4,5-tetrahydro-l,2,4- 
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triazin-3-ones 26 are formed when 3-methoxy-l,2,4-triazine reacts with 
piperidine or morpholine in refluxing %% ethanol (Scheme 19) (87MI2; 
88MI1). The oxo group at C-3 stabilizes these amino adducts sufficiently 
to make their isolation as crystalline products possible. The adduct for¬ 
mation is supposed to be preceded by hydrolysis of the methoxy com¬ 
pound 25 into l,2,4-triazin-3-one, which then undergoes a subsequent ad¬ 
dition reaction with amines. To substantiate this result, no reaction was 
observed in pure tetrahydrofuran (THF) solution (87MI2; 88MI1). 



22 



23 V* 

Scheme J9 


3. Adduct Formation with O-Nucleophiles 

Most 1,2,4-triazines do not interact with water or alcohols unless acti¬ 
vated by positive charge or by the presence of an electron-withdrawing 
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substituent. Ar//-1,2,4-Triazinium cations can react with water or metha¬ 
nol to yield the C-5 hydroxy and methoxy adducts 27 (Scheme 20) 
(68YZ1501; 70JHC767; 73T2495; 78HC(33)189; 87MI2; 88KGS525, 
88MI1, 88MI2). However, when electron-donating groups such as meth- 
ylthio, methoxy, and morpholino and attached to C-3 of the 1,2,4-triazine 
ring, in acid solution equilibria between A^//-triazinium salts and alkoxy 
adducts 27 usually exist. A large excess of trifluoroacetic acid is needed 
to shift the equilibrium completely to the adduct side (88KGS525,88MI1). 



27 

R = H , Aik 

R' = H, OCHj , SCHj, NRj 

R^ = H , CHj , Ar , Het 

Scheme 20 

Due to the electron-withdrawing character of the carbonyl and thiocar- 
bonyl groups, substituted l,2,4-triazin-3-ones and l,2,4-triazin-3-thiones 
react smoothly with alcohols without acid to form the C-5 alkoxy adducts 
28. These adducts are quite stable and can be isolated (Scheme 21) 
(70CR1201; 71JOC3921; 72BSF4637; 85ACS(B)235; 86YZ54). 



X = 0 , S 28 

Scheme 21 


1,2,4-Triazin-3-one is so reactive toward water that it cannot be iso¬ 
lated except in the C-5 hydrated form 30. Treatment of potassium salt 29 
with an acid immediately results in hydrate 30 (Scheme 22) (71JOC3921; 
79JHC1649). This result is also in agreement with what has been observed 



Scheme 22 
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in the reaction between 3-methoxy-l,2,4-triazine and azacycloalkanes 
(Scheme 19). 

A rare example of 0-adduct formation at C-3 is the formation of 32, 
observed by 'H-NMR spectroscopy when pyrimido[5,4-c]l,2,4-triazine 
31 is transformed into ethyl-5-amino-l,2,4-triazine-6-carboxylate by ac¬ 
tion of bromine in ethanolic solution (Scheme 23) (71JOC2974). 



Scheme 23 


Another example of a nucleophilic addition at C-3 is provided by the 
reaction of the quaternary salt 20 with sodium methoxide yielding the 
relatively stable adduct 33, (Scheme 24) (74BSF999). The C-3 adducts 35 
and 36 have been suggested as intermediates in the conversion of 2-meth- 
yl-3-methylthio-l,2,4-triazin-5-ones 34 into the corresponding 3-methoxy 
derivatives; however, no spectroscopic evidence for adduct formation 
has been presented (Scheme 24) (72BSF1511). 



3^ 35 36 

Scheme 24 


The C-3 adduct 37, presumed earlier to be the structure of the product 
obtained on refluxing 3-chloro-5,6-diphenyl-l,2,4-triazine in a water- 
ethanolic solution, was not detected; the product was found later to be 
5,6,-diphenyl-1,2,4-triazin-3-one (Scheme 25) (82CPB152). 

No other reports on the formation of C-3 alkoxy adducts have appeared 
in the literature. 
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CjHsOH/HjO 



37 


Scheme 25 


4 . Adduct Formation with S-Nucleophiles 

There are only a few examples known of S-adduct formation. They all 
feature addition at C-5 of the 1,2,4-triazine ring. Thus, 2,5-dihydro-1,2,4- 
triazines 38 are formed in good yield when sulfur dioxide is passed 
through a solution of 1,2,4-triazine in water (water-methanol) (Scheme 
26) (78HC(33)189; 86H1243; 87CPB1378). 



38 


Scheme 26 

Cysteine has also been found to add at C-5 of the 1,2,4-triazine ring. 
Panfuran, the pharmacologically active 1,2,4-triazine derivative 39, gives 
adduct 40 when mixed with cysteine (Scheme 27) (78HC(33)189). 



HS—CHz—CH—COOH 



Scheme 27 
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B. Diadduct Formation in Reactions with 
Mononucleophiles 

When reacting with simple nucleophiles, 1,2,4-triazines generally par¬ 
ticipate in monoaddition reactions at C-5. However, sometimes the nu¬ 
cleophilic addition process is not complete at this stage and a subsequent 
addition reaction takes place resulting in diaddition products at C-5 and 
C-6. In this respect the behavior of 1,2,4-triazines is somewhat similar to 
that of 1,4-diazines, which are known to exhibit a marked tendency to add 
two molecules of nucleophilic reagents (78MI1; 84UK1648 ; 85KGS101I; 
88AHC301, 88MI2). This mode of nucleophilic addition reaction usually 
requires as prerequisite a 1,2,4-triazine substrate strongly activated either 
by positive charge and/or an electron acceptor as substituent. 

The first example of nucleophilic diaddition reaction in the series of 
monocyclic 1,2,4-triazines has been found when refluxing 5,6-diphenyl- 
l,2,4-triazine-3-thione in ethanol, yielding the 5,6-diethoxy adduct 41 
(Scheme 28) (72BSF4637). 



Scheme 28 

It has been shown that l-alkyl-l,2,4-triazinium salts 42 add two mole¬ 
cules of indole at C-5 and C-6 to afford 5,6-diindolyl-substituted 1,4,5,6- 
tetrahydro-l,2,4-triazines 43 in good yield (Scheme 29) (86KGS1535; 
87MI2; 88MI1). An attempt to extend this reaction to A/Af-triazinium salts 
failed. According to the *H-NMR spectra an equilibrium mixture of mo¬ 
no- and diadducts, 44 and 45, is formed; even with an excess of indole, 
diadducts 45 are present only as minor products. With one equivalent of 
indole, only the C-5 monoadduct could be registered, as discussed above 
(Section III,A,1) (Scheme 29) (87MI2; 88MI1). 

Similarly, in the reaction of 3-methylthio-1,2,4-triazine with methanol, 
the 5,6-dimethoxy adduct 46 is registered by ‘H NMR as only a minor 
adduct when a large excess of trifluoroacetic acid (TFA) is present 
(Scheme 30) (87MI2; 88MI1). 

C. Cyclizations with Bifunctional Nucleophiles 

The tendency of 1,2,4-triazines to give diadducts under appropriate 
conditions can be applied successfully to the synthesis of condensed 
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Scheme 30 

1,2,4-triazines. The use of bifunctional nucleophiles can lead to intramo¬ 
lecular adduct formation. Although this type of cyclization is well known 
in the chemistry of 1,4-diazines and has been exploited extensively for 
the synthesis of condensed pyrazines, quinoxalines, and pteridines 
(84UK1648; 85KGS1011; 88AHC301, 88MI2), only recently have exam¬ 
ples of intramolecular diaddition reactions on the 1,2,4-triazine ring been 
reported in the literature (87MI2; 88AHC301, 88TL1431, 88TZ4(ip)). In 
particular, amides of acetoacetic acid proved to be effective C,N-bifunc- 
tional reagents for the synthesis of fused pyrrolo[3,2-e]-l,2,4-triazines 47 
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and 48 by direct annelation of the pyrrole ring to C(5)—C(6) of the triazine 
substrate in reactions with both 7V-protonated and N-alkyl-l,2,4-triazin- 
ium salts (Scheme 31) (87MI2; 88TL1431). 



COCH3 

48 


Scheme 31 

It has also been found that pyrrolo[3,2-e]triazines 50 are formed by cy- 
clization of 1,2,4-triazinium salts with acylated ketenaminals 49 (Scheme 
32) (88TZV(ip)). It is of interest that uncharged 1,2,4-triazines react with 
ketenaminals and enamines in an inverse electron demand Diels-Alder 
cycloaddition across C(3)—C(6) leading to ring transformation products 
(83T2869; 86CRV781; 87MI1) (see Section VI,B) rather than giving diad¬ 
dition at C-5 and C-6. 



49 50 

Scheme 32 


Cyclization products resulting from diaddition of bifunctional reagents 
at C-5 and C-6 of the 1,2,4-triazine ring are sometimes so unstable that 
they cannot be isolated, but only detected by NMR spectroscopy. For 
example, when reacting with o-phenylenediamine or other aromatic 1,2- 
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diamines,!,2,4-triazinium salts give cycloadducts 51, as measured in the 
'H-NMR spectra. It is of interest that the adduct 51 with the morpholino 
group at C-3 is found to be unstable and dissociates into quinoxaline 
(Scheme 33) (87KGS280). This is an interesting ring transformation reac¬ 
tion! However, cycloadduct 51 with the phenyl group at C-3 resulting 
from the reaction of l-ethyl-3-phenyl-l,2,4-triazinium tetrafluoroborate 
with o-phenylenediamine is more stable and can be oxidized by potassium 
permanganate into 1,2,4-triazino[5,6-i]quinoxaline 52 (Scheme 33) 
(88UP1). 



51 

[Oil R=C5H5 





52 

Scheme 33 


IV. Nucleophilic Substitution Reactions 

When a substituent with a good leaving ability is present in the 1,2,4- 
triazine ring at C-3, C-5, and/or C-6, nucleophilic substitution reactions 
can occur. Many Sn reactions are described in the literature. In Sections 
IV,A-C, examples of displacement of one, two, and three nucleofugic 
groups are discussed. In this article, the displacement reactions are not 
exhaustingly reviewed. We show only the fundamental reaction features, 
their value, and scope for application in the synthesis of functionalized 
1,2,4-triazine derivatives. As far as the mechanisms of nucleophilic sub- 
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stitution reactions in the series of 1,2,4-triazines are concerned, the clas¬ 
sical Sn(AE)‘^*“ mechanism (68MI1) seems to be dominating in an over¬ 
whelming majority of cases although there are also many examples 
known where Sn(ANRORC) (78ACR462) and other mechanistic path¬ 
ways are concurrently involved. The SnCAEV’" mechanism suggests the 
formation of o-adducts like 53, which, however, have never been regis¬ 
tered by spectroscopy due to the very fast departure of the leaving group 
from the sp^ carbon (Scheme 34). 



53 

Scheme 34 


A. Displacement of One Nucleofugic Group 

1. Substitution at C-3 

The Sn(AE)'^“ reactions at C-3 usually proceed very smoothly since 
the C-3 carbon is very susceptible to a nucleophilic attack and elimination 
of the nucleofugic substituent from the C-3 adduct allows the triazine ring 
to gain its brr-electron system. In some cases, however, the concurrent 
addition at C-5 occurs, resulting in a lower yield of the SnCAE)'^*" product 
at C-3 or causing transformations of the ring (Scheme 35) (see also Sec¬ 
tion VI). 



Scheme 35 
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Methysulfonyl, arylsulfonyl, methoxy, and methylthio groups, as well 
as halogen atoms, are among the most frequently used substituents at C- 
3 and by analyzing literature data we can conclude that their leaving abili¬ 
ties decrease in the order methylsulfonyl > arylsulfony > halogen > me¬ 
thoxy > methylthio. To illustrate this difference in leaving group abilities 
we mention that both methylsulfonyl and p-tolylsulfonyl groups at C-3 
are easily substituted by action of such nucleophiles as sodium ethoxide, 
hydrazine, amines, potassium cyanide, and CH-active methylene com¬ 
pounds. However, 3-(p-tolylsulfonyl)-l,2,4-triazines remain inert toward 
ketones, whereas the 3-methylsulfonyl group is displaced by even weak 
C-nucleophiles, such as acetophenone and cyclohexanone (Scheme 36) 
(82CPB152). 



NuH = H 2 N-NH 2 , CjHsONa, n-CtHj-NHj, CgHgNHj, 

KCN, NC-CHj-COOCjHg, CHjCOCHjCOOCjHg, CgHgCOCHj, 
cyclohexanone 

Scheme 36 

The ability of the 3-methylsulfonyl group to undergo the displacement 
reaction by action of C-, 0-, and N-nucleophiles has been successfully 
employed for the synthesis of 3-alkynyl-substituted 1,2,4-triazines 54-56 
(Scheme 37) (86TL431). The latter compounds proved to be very useful 
starting materials for providing a variety of fused pyridines via intramo¬ 
lecular Diels-Alder reactions (86TL431; 87JOC4280, 87T5145, 87T5159, 
87TL379) (see Section VI,B). 

Halogen atoms in 1,2,4-triazine substrates are also very widely used in 
nucleophilic substitutions. Thus, the C-3 chlorine atom is reported to be 
easily displaced by heteroatomic nucleophiles such as amines 
(72JCS(P1)1221; 75JAP27874; 77USP3979516, 77USP4008232; 78JPS737; 
82CPB152; 83MI2), hydrazine (79JHC1393 , 79USP4159375; 82CPB152; 
86IJC(B)815; 87IJC(B)4%), alkoxy (77USP4008232, 77USP4021553, 
78HC(33)189; 82CPBI52), azido (77USP3979516), and iodide (84H2245) 
anions. Some examples are given in Scheme 38. At the same time, 3- 
chloro-1,2,4-triazines remain unchanged when exposed to potassium cya¬ 
nide solution or on treatment with CH-active compounds (82CPB152). It 
has been shown that substitution of the chlorine atom in 3-chloro-1,2,4- 
triazines by action of CH-active compounds can be reached under more 
severe conditions, for example, reflux in pyridine (86IJC(B)815). Substi- 
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Scheme 37 


tution of the chlorine atom requires more carefully controlled conditions 
than displacement of the methylsulfonyl group. Sometimes it requires a 
certain substrate/reagent ratio, as exemplified by the reactions of 3-chlo- 
ro-l,2,4-triazine with hydrazine and ethoxide. Hydrazine in excess is 
needed to obtain 3-hydrazino-l,2,4-triazine 57, but only one equivalent of 
the ethoxide ion has to be used for the synthesis of the 3-ethoxy deriva¬ 
tive 58; otherwise by-products are formed (Scheme 38) (82CPB152). 

Nevertheless, substitution of halogen in 1,2,4-triazines is a convenient 
way to introduce various substituents at C-3. The 3-hexenyloxy-l,2,4-tri- 
azine 59 has been obtained from the 3-chloro-l,2,4-triazine (Scheme 38) 
(86TL2747). Triazines with these type of unsaturated side chains are used 
extensively for the synthesis of condensed heterocycles by means of in¬ 
tramolecular Diels-Alder reactions (87MI1). 

3-Bromo- and 3-iodo-1,2,4-triazines react with nucleophiles in a similar 
manner, but more easUy than their chloro analogues. For example, 3-iodo- 
5,6-diphenyl-l,2,4-triazine is converted into 3-(2-trimethylsily-l-ethynyl) 
-5,6-diphenyl-l,2,4-triazine (61) by action of trimethylsilylacetylene (60) 
(Scheme 39), whereas no reaction between 3-chloro-5,6,-diphenyl-1,2,4- 
triazine and acetylene (60) has been observed under identical conditions 
(84H2245). 

The reactivity of 3-halo-1,2,4-triazines can be enhanced by introduction 
of the N-oxide function. Nucleophilic substitutions on 3-bromo-l,2,4-tria- 
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Scheme 39 


zin 2-oxide (62) with amines (77JOC546, 77JOC3498), hydrazines 
(77JOC546), thiols (77JOC3498), or the azide anion (77JHC1221) proceed 
under milder conditions relative to the corresponding 1,2,4-triazine sub¬ 
strate (Scheme 40). 



3-Methoxy- and 3-methylthio-l ,2,4-triazines and their N-oxides are less 
active in the Sn(AE)''’^'’ reactions than the 3-halo-l,2,4-triazines, but they 
are still suitable substrates to form 3-amino- (70JHC767; 71JHC689; 
74ZN(B)792; 76CB1113, 76JHC807; 77JOC3498, 77USP3979516, 
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77USP4008232; 86KGSI535), 3-hydrazino- (70JHC767; 79JHC1393, 
79JMC671,79USP4159375; 80JOC5421; 87YZ301), and 3-ethoxy-1,2,4- 
triazines (70JHC767; 73BSF2493, 73JHC343; 77USP4013654, 
77USP4021553; 78RTC273; 79USP4105434: 80JPS282). 

Many authors report the conversion of 3-substituted 1,2,4-triazines and 
their N-oxides into the corresponding l,2,4-triazin-3-ones in acidic or al¬ 
kaline water solution (71JOC3921; 73JOC3277; 78HC(33)189; 79JHC817; 
82CPB152; 83IJC(B)559). This hydrolysis reaction is not restricted to 
only typical nucleofugic substituents, such as chloro, alkylthio and al- 
koxy, but also 3-amino and 3-hydrazino groups can easily be replaced by 
the hydroxy function (Scheme 41). 



Lend, SCHj , OR, NH2 , NHNHj 



Scheme 41 


Similarly, 3-substituted 1,2,4-triazin-5-ones are converted into triazine- 
3,5-diones (65CCC3134; 66TL3115; 67CCC1295, 67CCC3572; 73MI2; 
83JOC4585). In order to hydrolyze triazine-3-thiones the latter are usually 
methylated on the sulfur atom and then hydrolyzed. Since hydrolysis of 
the methylthio group is fast, it is a common practice to combine these 
two reactions in one step (Scheme 41) (65CCC3134; 67CCC1295, 
67CCC3572). 

Many aminations at C-3 have been found to occur via addition at C- 
5. Ring opening and ring closure constitute such reactions, which occur 
according to the Sn(ANRORC) mechanism. These reactions feature a so- 
called ring degenerate transformation (85T237), and will be dealt with in 
Section VI,A. 
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2. Substitution at C-5 

Most publications on nucleophilic substitution reactions at C-5 deal 
with 5-chloro-l,2,4-triazines as substrates. The S^, reactions with amines 
(72LA173; 87JOC4287), hydrazine (78HC(33)189), sodium hydrosulfide 
(78HC(33)189), alkoxide anions (87JOC4287), sodium iodide (84H2245), 
and carbanionic reagents (84H2241, 84H2245; 86H239, 86H1243; 
87JOC4287) have been reported in the literature. Among them is a novel 
and convenient route for the preparation of 5-alkyl-1,2,4-triazines 66 
(84H2241; 86H239). Interaction of 3-phenyl-5-chloro-1,2,4-triazines 63 
with ethylidenotriphenylphosphoranes 64 has been found to give, in ex¬ 
cellent yield, 5-alkyl-1,2,4-triazines 66 via the intermediacy of 65 (Scheme 
42). 



R*CH=P(C6H5)3 -► 


63 


64 



R'= CHj , CjHs , CsHe ; R*=Alkyl 


With the dimethyloxosulfonium ylide 67 5-methyl-1,2,4-triazines 69 are 
formed in good yield via intermediate ylide 68 (Scheme 43) (84H2241; 
86H239). 

Two methods for introduction of the benzoyl group at C-5 have been 
described (86H1243). The first involves the reaction between 5-chloro- 
1,2,4-triazine 70 and benzaldehyde in the presence of the catalyst 1,3- 
dimethylbenzimidazolium iodide (71) and sodium hydride. The C-nucleo- 
philic ylide 72 formed under these conditions reacts with 5-chloro-3-phe- 
nyl-l,2,4-triazine 70 to yield the 5-benzoyl-substituted 1,2,4-triazine 73, 
simultaneously regenerating the catalyst 71 (Scheme 44) (86H1243). 

The second method for the synthesis of a 5-benzoyl-1,2,4-triazine (75) 
makes use of 1-benzoyl-1-phenylacetonitrile (74) as reagent. The reaction 
is described in Scheme 45 (86H1243). 
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68 69 


Scheme 43 



70 



Scheme 44 


A synthesis of 5-(alkyn-l-yl)-l,2,4-triazines 77 has been developed, in 
which, by activation with the palladium-containing catalyst, acetylenes 
effectively react with 5-chloro- and 5-iodo-l,2,4-triazines 76 (Scheme 46) 
(84H2245i The synthesis of 5-(a)-alkynyl)-l,2,4-triazines 79 has been de¬ 
scribed using as nucleophile acetylenes 78 featuring a nucleophilic group 
(e.g., hydroxy or CH-activated group) (Scheme 46). 

Besides displacement of the halogeno atom at C-5, many other substitu¬ 
ents are easily replaced by nucleophiles. A large variety of N-, S-, 0-, 
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T H + R^-CSCH 

X^N-^CgHs 

■■Pd" catalyst* 

R^—CsC'^N^CgHg 

76 

77 

X = Cl ,I 

R^ = CjHj , SKCHjlj , n-C4Hg 

*Pti IPlCgHsljlzClz-CuI 


N 

1 Ij + HX—CH^—CHj- 

CHjlp) 

70 

" X X 

X^N'^CgHi-CH 

1 ' 

X =0, C(CN)2 

CH2 

CSCH 


79 


Scheme 46 

and S-substituents at C-5 in 1,2,4-triazines are obtained by the Sn reac¬ 
tions using 5-cyano-1,2,4-triazines as substrates (86MI3). There are also 
several reports on substitution of methylthio, mercapto, and alkoxy 
groups at C-5 by action of amines (70JAP25903; 76CB1113), hydrazines 
(85LA857), and other nucleophiles (78HC(33)189). Acid hydrolysis of 5- 
amino-, 5-hydrazino-, and 5-methylthio-1,2,4-triazines proceeds smoothly 
as well (72CCC2221; 79JHC817). 
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3. Substitution at C-6 

Relatively little experimental work is known concerning the displace¬ 
ment of nucleofugic groups at C-6 of the 1,2,4-triazine ring. A few papers 
report the formation of 6-methoxy- (76CB1113, 76CCC465; 78JOC2514), 
6-methylthio- (85JHC1329), and 6-amino-1,2,4-triazines (76CB1113) on 
treatment of 6-chloro- and 6-bromo-l,2,4-triazines with sodium salts of 
methanol, mercaptomethane, and amines, respectively. 

B. Displacement of Two Nucleofugic Groups 

Of all the nucleophilic substitutions in 1,2,4-triazines those which con¬ 
tain the two leaving groups at C-3 and C-5 have been studied most exten¬ 
sively. Triazines in which both C-3 and C-5 contain the same nucleofugic 
group have proved to be of particular interest. This is probably due to the 
fact that these starting materials are easily available. 


1. Substitution Reactions at C-3 and C-5 

Halogen atoms at both C-3 and C-5 in 1,2,4-triazines can be replaced 
by N-, 0-, and S-nucleophilic reagents under appropriate conditions. 3,5- 
Diamino- (76CB1113), 3,5-dimethylthio- (78HC(33)189), and 3,5-dimeth- 
oxy-1,2,4-triazines (75CCC2340) are examples of compounds which have 
been obtained on heating 3,5-dichloro-1,2,4-triazines with a large excess 
of the corresponding nucleophilic reagents. Under milder conditions and 
with a small excess of amines or thiols only 5-substituted 3-chloro-1,2,4- 
triazines are formed (78HC(33)189). It is evident from these results and 
other investigations (76CB1113; 78HC(33)189; 84MI3) that the chlorine 
atom at C-5 is more easily displaced than the chlorine atom at C-3 
(Scheme 47). 




Ni>H 

(large excess) p 
Ideating 


Nu 



Nu 


NuH = HNRi , CH3OH , CH3SH 

Scheme 47 

This reaction course is common for all the 1,2,4-triazine substrates con¬ 
taining the same leaving groups at C-3 and C-5. Mono- or disubstitution 
reactions with amines and hydrazines yield 5-amino- (hydrazino) 
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(72ZN(B)818; 78HC(33)189; 79JHC817; 84MI4) or 3,5-diamino-(dihydra- 
zino)-l,2,4-triazines (Scheme 48) (70RRC1409; 72AG348; 74MIP1; 
76CB1113, 76H1341; 78HC(33)189; 87MI4). 



X= Cl, OCHj , SCHj , SH, OSilCHj), 

Scheme 48 

In a similar way, by the action of sodium methoxide, both mono- and 
disubstitution reactions have been performed on 3,5-dimethylthio-l,2,4- 
triazines; substitution of the methylthio groups at C-5 and C-3 has been 
found to occur sequentially (Scheme 49) (73GEP2256604; 75CCC2340; 
78HC(33)189). 



Scheme 49 

All experimental data on the behavior of 3,5-disubstituted 1,2,4-tri- 
azines in the Sn reactions indicate a greater reactivity of the C-5 position. 
An exception is the reaction between ethyl-3,5-dimethylthio-l,2,4-tria- 
zine-6-carboxylate (80) and hydrazine or amines, which results in a mix¬ 
ture of 3- and 5-hydrazino (amino) derivatives, 81 and 82 (Scheme 50) 
(76JCS(P2)2521, 76JMC845; 77JHC729; 87MI4). 




JL X " ^ 


CHjS SCH3 


H5C2 00C.,^Nv, HsCjOOC^^^ 

—"X X " X X 


82 


Scheme 50 

The greater reactivity of the C-5 position is not predicted by the order 
of ground-state charge distribution found in the 1,2,4-triazine ring (see 
Section II,A). The transition state leading to C-5 adduct formation seems 
to be promoted, since the C-5 adduct has a greater stability than the C- 
3 adduct. This is due to the important p-quinoid contribution, putting a 
considerable negative charge on N-2, being apparently a major factor de- 
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termining the composition of the reaction products. This is substanti¬ 
ated by the fact that when a nucleophilic addition at C-3 is facilitated by 
an electron acceptor at C-6, like in the case of compound 80, the forma¬ 
tion of both C-3 and C-5 substitution products may occur concurrently 
(Scheme 50). 

A hydroxy group attached to the 1,2,4-triazine ring exists predomi¬ 
nantly in the oxo form (78HC(33)189; 84MI3, 840PP199). Therefore, it 
can be expected that l,2,4-triazin-3-ones containing a nucleofugic group 
at C-5 react with nucleophiles exclusively at C-5 to afford 5-ami- 
no- (70JAP09546, 70KGS986; 72GEP2206395; 78HC(33)189), 5-hydra- 
zino(72ZN(B)818; 78HC(33)189), and 5-sulfamido-l,2,4-triazin-3-ones 
(70JAP09546) in good yield (Scheme 51). In all these reactions no indica¬ 
tion for the replacement of the C-3 oxygen was reported. 



Le = Cl , SH , SCHj 
R = Aik, Ar, NHR', ArSOj , OH 

Scheme 51 

Similarly, l,2,4-triazin-5-ones and l,2,4-triazine-5-thiones 84 contain¬ 
ing a good leaving group at C-3 react with nucleophiles very smoothly to 
produce the corresponding C-3 S^ products 85 (Scheme 52) 
(78HC(33)189; 84MI3, 84S983; 86JCS(P 1)2037; 87MI5). 



83 8A 85 


X= 0 ,S 

Le = CH3SO2 , AlkS, HS 

Scheme 52 

Many publications deal with the substitution of methylsulfonyl 
(80MI2), alkylthio (68ACH319,68CCC2513; 69BSF2492,69MI1,69MIP1, 
69USP3412083; 70JAP09545 , 70JMC288, 70RRC1409; 72JHC995; 

73JPR221; 74JPR163, 74JPR667, 74ZN(B)792; 75CCC2340; 82JHC1583; 
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84CB1077, 84CB1083, 84S983), and mercapto (69ACH181, 

69FRP1519180; 71CCC4000 ; 74GEP2236340; 77MI1) groups at C-3 in 
l,2,4-triazin-5-ones by the action of N- and 0-nucleophiles. In all of these 
reactions the oxygen group at C-5 remains unchanged (Scheme 52). How¬ 
ever, substitution of both the methylthio group at C-3 and the hydroxy 
group at C-5 occurs in 3-methylthio-l,2,4-triazin-5-ones by the action of 
amino alcohols (Scheme 53) (69ACH181). 



Scheme 53 

Many examples available in the literature show that most of the nucleo¬ 
philic displacement reactions with 1,2,4-triazines containing different 
nucleofugic groups at C-3 and C-5 take place at C-5 (72JCS(P1)2316; 
77JHC729; 80MI1; 84MI5; 85JOC2293; 87JOC4287). In particular, azinyl 
groups attached to C-5 in 3-methylthio-l,2,4-triazines 86 and 87 are found 
to have easily displaceable groups when reacted with aromatic amines 
and phenols (Scheme 54) (84MI5). 



87 


Scheme 54 
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Disubstitution reactions on 1,2,4-triazine substrates with different leav¬ 
ing groups at C-3 and C-5 can also be performed under appropriate condi¬ 
tions, as is illustrated by amination of a number of 1,2,4-triazines 88 on 
heating with excess amine (Scheme 55) (72AG348; 73GEP2163873). 



88 

Scheme 55 


2. Substitution Reactions at C-5 and C-6 

Only a few papers report on reactions with 1,2,4-triazines containing 
nucleofugic groups at C-5 and C-6. One example is the reaction of 5,6- 
dimethoxy-1,2,4-triazine with dimethylamine at 20°C to give a mixture of 
5-dimethylamino-6-methoxy-1,2,4-triazine (89) and 5-methoxy-6-dimeth- 
ylamino-1,2,4-triazine (90) in the ratio 4 : 5 (Scheme 56) (76CB11I3). At¬ 
tempts to obtain the 5,6-bis(dimethylamino) compound by carrying out 
the reaction at higher temperature have been unsuccessful. Instead, 5- 
dimethylamino-1,2,4-triazin-6-one was obtained (Scheme 56) (76CB1113). 
Although the evidence is not overwhelming, this result seems to indicate 
that C-5 is more reactive than C-6, in accordance with the discussion pre¬ 
sented before (see Section IV,B,1). 



Scheme 56 
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The reaction of 3-amino-6-bromo-l,2,4-triazin-5-one with hydrazines 
results in 6-hydrazino-substituted 1,2,4-triazin-5-ones (Scheme 57). No 
indication for substitution at C-5 has been observed (75CCC2680). 



Scheme 57 


3. Substitution Reactions at C-3 and C-6 

Several examples of S^ reactions with 1,2,4-triazine substrates contain¬ 
ing at C-3 and C-6 the same leaving groups indicate that the displacement 
of a nucleofugic group at C-3 is somewhat more preferred. Thus, only 
the substituted 3-ethoxy-1,2,4-triazine 92 is formed from reaction of 3,6- 
dimethylthio-l,2,4-triazine-5-carboxamide (91) with sodium methoxide 
(Scheme 58) (85JHC1329). In the reaction between triazine 91 and ammo¬ 
nia the 3-amino derivative 93 is the major product, and 6-amino-3-methyl- 
thio-l,2,4-triazine-5-carboxamide 94 is formed only in poor yield (Scheme 
58) (85JHC1329). 



92 


Scheme 58 
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By contrast, when comparing the relative reactivity of the C-3 and C- 
6 positions in 3,6-dichloro-5-amino-l,2,4-triazine (95) with sodium meth- 
oxide, a different reaction pattern was observed. Substitution takes place 
at C-6 and not at C-3, yielding 5-amino-3-chloro-6-methoxy-l,2,4-triazine 
(96). When the reaction is carried out in methanol in the presence of hy¬ 
drochloric acid, C-3 substitution is observed, yielding 5-amino-6-chloro- 
3-methoxy-l,2,4-triazine (97) (Scheme 59) (75CCC2680). In this case we 
deal with N^H- and N''.//-triazinium salts stabilized by conjugation with 
the amino group. In these azinium salts the electrophilicity at C-3 is likely 
more enhanced than at C-6. 



97 


Scheme 59 


A rather complex mixture of products, i.e., 99, 100, 93, and 94, was 
obtained in the reaction of 3-methylthio-6-chloro-l,2,4-triazin-5-carboxa- 
mide (98) with ammonia (Scheme 60) (85JHC1329). It has been estab¬ 
lished that either of the nucleofugic groups in 98 are replaced by ammonia 
to form the 1,2,4-triazines 99 and 100 (Scheme 60). Substitution of the 
methylthio group at C-3 generates the nucleophilic methylthio anion, 
which causes a conversion of unreacted 98 into 3,6-dimethylthio-l,2,4- 
triazine 101. The latter undergoes subsequent reaction with ammonia to 
produce both isomeric S^ products 93 and 94 (Scheme 60, see also 
Scheme 58). 
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101 

Scheme 60 


C. Displacement of Three Nucleofugic Groups 

The behavior of 3,5,6-trihalo-l,2,4-triazines in S^, reactions is the most 
studied nucleophilic substitution reaction in trisubstituted 1,2,4-triazines. 
It has been shown that in all these substitution reactions C-5 is, as ex¬ 
pected, the most reactive position. However, the relative reactivity at C- 
3 and C-6 depends on the nature of the nucleophile employed 
(76CCC465). In the reaction of 3,5,6-trichloro-l,2,4-triazine (102) with 
some uncharged nucleophiles, reactivity decreases in the order C-5 > C- 
3 > C-6, but in other cases the reactivity order is observed to be C-5 > 
C-6 = C-3 <76CCC465>. Thus, only 5-methoxy-(75CCC2680; 76CB1113) 
or 5-amino-3,6-dichloro-l,2,4-triazines (75CCC2680; 76CB1113, 
76CCC465) are formed with 1 equivalent of sodium methoxide or amine, 
respectively (Scheme 61). 


T || + NuH (1 eqv.) -► 

102 

Nu = OCH3 , NHj . NICHjlj 
Scheme 61 
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With 2 equivalents of sodium methoxide a mixture of 3,5-dimethoxy-6- 
chloro-l,2,4-triazine (103) and 5,6-dimethoxy-3-chloro-l,2,4-triazine (104) 
is formed (75CCC2680; 76CB1113), while a larger excess of sodium meth¬ 
oxide leads to the introduction of three methoxy groups into the 1,2,4- 
triazine ring (Scheme 62) (75CCC2680). Full substitution of the halogen 
atoms in triazine 102 by fluorine atoms has been attained with potassium 
fluoride at high temperature (82JCS(P1)1251). Amination of 102 with 2-5 
equivalents of aliphatic amines results in 3,5-diamino derivatives 105 
(Scheme 62) (69CCC1104; 77JHC1221), showing the preference of the 
neutral nucleophile for attack at C-3 rather than at C-6. 



CH,0 


Cl 


lOi, 


NRj = NICHjIj 



Scheme 62 


minor product 


3,5,6-Trifluoro-l,2,4-triazine (106) behaves similarly to the trichloro 
compound toward nucleophilic reagents, but is more reactive. When 
treated with methanol at room temperature it gives a mixture of 5,6-di- 
methoxy-3-fluoro-1,2,4-triazine (109) and 3,5-dimethoxy-6-fluoro-l,2,4- 
triazine (110) in the ratio 2:1 (82JCS(P1)1251). Reactions of 106 with di- 
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ethylamine and p-chloroaniline result in 3,5-diamino derivatives 107. 
However, only 3,6-difluoro-5-amino-l,2,4-triazine (108) is formed on 
passing ammonia through the solution of triazine 106 in THF (Scheme 63) 
(82JCS(P1)1251). 



109 110 

Scheme 63 


3,5,6-Trimethoxy-l,2,4-triazine reacts with dimethylamine in metha- 
nolic solution at room temperature exclusively at C-5 to give the corres¬ 
ponding amino compound 111 (76CCC465). In addition, the reaction of 
3,5,6-trimethylthio-l,2,4-triazine with hydrazine yields exclusively the C- 
5 substitution product (Scheme 64) (71RRC135, 71RRC311). 



The preference of the C-5 position for nucleophilic substitution is fur¬ 
ther supported by the results of reactions of 1,2,4-triazines that posess 
groups with better leaving abilities at C-3 and/or C-6 than at C-5. For 
instance, substitution of the methoxy group at C-5, but not of halogen 
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atoms at C-3 or C-6, has been found to occur in the reaction of 3,6-dichlo- 
ro-5-methoxy-l,2,4-triazine with ammonia (Scheme 65) (75CCC2680). 
Analogously, 6-chloro-5-cyano-3-methylthio-l,2,4-triazine undergoes the 
Sn reaction at C-5 on treatment with ammonia, sodium alkoxides, and 
dimethyJaniJine (Scheme 65) (85JOC2293). 



Nu = NH2 , OCH, , OCjHs 

Scheme 65 


The reactions of 5-chloro-6-cyano and 5,6-dialkylthio-substituted 1,2,4- 
triazin-3-ones with amines and hydrazines also confirms the preference 
of the displacement reaction at C-5 (69RRCI35; 71CCC3507, 71RRC135, 
71RRC311; 73MI1,73MIP1). 

In reactions of 5-chloro-6-cyano-3-methoxy- and 6-amino-5-cyano-3- 
ethoxy-l,2,4-triazines with water, displacement also takes place at C-5 
yielding the corresponding 1,2,4-triazin-5-ones (74AJC1781; 85JOC2293). 
When hydrolysis of triazines containing three potential leaving groups 
was carried out in acid solution, formation of triazine-3,5-diones was ob¬ 
served (71RRC135, 71RRC311; 74MIP2; 75CCC2680; 84KGS557; 
85RRC233). These examples show that nucleofugic groups at C-6, such 
as chloro, cyano, methoxy, alkylthio, amino, and dialkylamino, usually 
do not undergo displacement by water (71RRC135, 71RRC311; 
74AJC1781, 74MIP2; 75CCC2680; 82JCS(P1)1251; 84KGS557; 

85JOC2293, 85RRC233). Exceptional cases are the conversion of 6-ami- 
no-l,2,4-triazine-3,5-dione into l,2,4-triazine-3,5,6-trione (61JOC1118) 
and the hydrolysis of 3-chloro-5-dimethylamino-6-methoxy-l,2,4-triazine 
(112) (Scheme 66). In the latter case, 3-chloro-5-dimethylamino-l ,2,4-tria- 
zin-6-one (113) is formed as the minor product in 18% yield, together with 
6-methoxy-l,2,4-triazine-3,5-dione (114) (Scheme 66) (76CCC465). 
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113 (18%) 


Scheme 66 



114 (42%) 


D. Intramolecular Nucleophilic Substitution 
Reactions 

As discussed above, a number of triazines containing nucleofugic 
groups at C-5 and C-6 can undergo disubstitution reactions (see Schemes 
62 and 63). If the appropriate conditions are chosen, these S^, reactions 
could be applied for synthesizing condensed 1,2,4-triazines, provided bi¬ 
functional reagents are used as nucleophiles. In fact, cyclizations with 
bifunctional nucleophiles have proved to be a very useful methodology in 
the 1,4-diazine series for the synthesis of many types of condensed pyra- 
zines (85KGS1011; 88AHC301). Surprisingly, only a few examples of cy¬ 
clizations with bifunctional nucleophiles based on the displacement of 
nucleofugic groups at C-5 and C-6 of the 1,2,4-triazine ring have been 
reported (85JOC2293). In particular, interaction of 6-chloro-5-cyano-3- 
methylthio-1,2,4-triazine with benzamidine results in imidazo[4,5-e]- 
1,2,4-triazine 115 via a two-step nucleophilic disubstitution reaction 
(Scheme 67) (85JOC2293). In addition, several publications report intra¬ 
molecular cyclization of 1,2,4-triazines, in which a nucleophilic side- 
chain substituent attached to C-5 or C-6 of the triazine ring reacts with a 
nucleofugic group at C-6 or C-5. Using this methodology the synthesis 
of pyrazolo[4,3-e]-l,2,4-triazines (84MI4), pyrimido[5,4-e?]-l,2,4-triazines 
116 (85JOC2293), and a number of tricyclic system derivatives 117 
(75JAP48697, 75JAP48698; 82JHC313; 84CCC2628) has been developed 
(Scheme 67). 

Formation of imidazo[4,5-e]-1,2,4-triazines 119 has been observed to 
occur when 6-ethylamino-5-methylamino-l,2,4-triazines 118 react with 
benzamidine. However, in this case only the methylamino group at C-5 
is substituted by the amidine, while the ethylamino group at C-6 partici¬ 
pates itself as a nucleophile in an intramolecular cyclization reaction 
(Scheme 68) (78CPB3154). 
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C6^ 





X= CHj, S; R= H, alkyl 
Scheme 67 



Scheme 68 
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V. Nucleophilic Substitution of Hydrogen (Sp^H Reactions) 

As we have seen in previous Sections, reactions of 1,2,4-triazines with 
C-, N-, 0-, and S-nucleophiles often involve a-adduct formation. When 
the addition of nucleophiles takes place at a ring carbon carrying a nucleo- 
fugic group, usually a fast elimination of the leaving group from the tetra¬ 
hedral center completes the process. In such cases the a-adducts pro¬ 
posed as intermediates could not be registered by NMR spectroscopy. 
However, a-adducts carrying hydrogen at the sp^ carbon are quite stable 
because of the very poor leaving ability of the hydride ion. In many cases, 
they can be registered spectroscopically or even isolated from the reac¬ 
tion mixture (see Section III). These a-adducts can be converted into aro¬ 
matic compounds by an oxidant or by inter- or intramolecular hydrogen 
shifts. Thus, the formation of a-adducts like 120 and removal of hydrogen 
from the a-adducts 120 may be regarded as two steps of specific S^, reac¬ 
tions for which the symbol S^H has recently been suggested (Scheme 69) 
(for review on the S^ reactions, see 88T1). 



120 

Scheme 69 


A. SnH Reactions in the Presence of Oxidant 

Most reports on the S^H reactions in the series of 1,2,4-triazines con¬ 
cern substitution of hydrogen at C-5. For instance, a synthesis of 5-alkyl- 
substituted 1,2,4-triazines has been developed involving oxidation of the 
C-5 adducts 121 and 122, resulting from the reaction of 3-methyl-6-phe- 
nyl-l,2,4-triazine with carbanionic reagents. Potassium permanganate, 
potassium ferric cyanide, or air oxygen were used as oxidizing agents 
(Scheme 70) (85H2807; 86H239; 87CPB1378). 

Similarly, the C-5 adduct 123, obtained from reaction of 3-methylthio- 
1,2,4-triazine with phenylmagnesium bromide, was oxidized by potas¬ 
sium ferricyanide under alkaline conditions into 3-methylthio-5-phenyl- 
1,2,4-triazine (Scheme 71) (87H3111). 

3-Methyl-6-phenyl-l,2,4-triazine reacts with hydrogen cyanide in the 
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122 

Scheme 70 



123 

Scheme 71 


presence of air oxygen to give the S^H product 125 , via the short-lived 
intermediate 124 (Scheme 72) (86H1243). 



124 125 

Scheme 72 


Amination of azaaromatic compounds using liquid ammonia-potassium 
permanganate (85S884; 86MI1) has been found to be a successful method 
for preparing a number of 5-amino-l,2,4-triazines (Scheme 73). This S^H 
reaction is based on the ability of 3- and 6-substituted triazines to form 
amino adducts 22 at C-5 in liquid ammonia (see Section III,A,2 and 
Scheme 18). These adducts can be oxidized into 5-amino-l ,2,4-triazines 
126 . A number of 1,2,4-triazines containing substituents at C-3 and C-6, 
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including 6-phenyl-1,2,4-triazine 4-oxide, were aminated according to this 
procedure (Scheme 73) (85S884). 



22 126 


r'= H, CHj, C5H5, OCH3 , SCHj , Cl, NHj 
r' = H, CgHs , Br 



Scheme 73 


Although 3-amino-1,2,4-triazine does not give a C-5 adduct detectable 
by 'H-NMR spectroscopy (see Section III,A,2), it gives an excellent yield 
of 3,5-diamino-l,2,4-triazine when treated with potassium permanganate 
in liquid ammonia. This reaction is an interesting case in which the equi¬ 
librium between substrate and C-5 adduct is far to the left, but in which 
oxidation still gives the product in good yield. The C-5 adduct 127 is ap¬ 
parently present as intermediate in a small steady-state concentration 
(Scheme 73) (86MI1; 88T1). Despite the presence of good leaving groups 
at C-3 and C-6, this amination reaction still occurs at C-5. Introduction 
of a bulky substituent at C-5 makes the process impossible. No amination 
reaction at C-3 or C-6 of the 1,2,4-triazine ring has been observed 
(85S884). 

A rare example of an S^H reaction at C-6 has been found when triazin- 
ium salts 128 were reacted in alkaline solution in the presence of air oxy¬ 
gen. It yielded the l,2,4-triazin-6-ones 130 , the formation of which must 
be initiated by the addition of the hydroxide ion at C-6, i.e., via the inter¬ 
mediacy of the C-6 adducts 129 (Scheme 74) (7ICC 1636). 

Similarly, when treated with bromine in aqueous solution, 4-amino-3- 
methylthio-l,2,4-triazin-5-one is converted into the corresponding 1,2,4- 
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Scheme 74 


triazine-5,6-dione (Scheme 74) (86JCR(S)320). In some cases, nucleo¬ 
philic substitution of hydrogen in 1,2,4-triazines is accompanied by a di¬ 
merization reaction giving rise to bis-l,2,4-triazin-5-yl derivatives 
(73BSF2493, 73JHC343; 74JHC43; 75RTC204; 79USP4105434; 

82JHC653; 86H1243; 87CPB1378). 

B. Vicarious Nucleophilic Substitution 

An interesting process for nucleophilic substitution of hydrogen in tt- 
deficient aromatic systems is the so-called vicarious nucleophilic substitu¬ 
tion of hydrogen (84MI2). The methodology is based on the properties of 
carbon nucleophiles containing a good leaving group X attached to the 
carbanionic center, to facilitate p-elimination of HX in o-adducts 131. 
Thus, it makes the S^H process possible without using any oxidant 
(Scheme 75). Discovered to be useful in the series of nitroarene sub¬ 
strates, this methodology has been extended to the synthesis of functiona¬ 
lized 1,2,4-triazine derivatives (83TL3277; 84MI1, 84MI2, 84TL4795). 
Thus, 3-substituted 1,2,4-triazines were found to react with chloromethyl- 
sulfones under super basic (KOH-DMSO) conditions to afford 5-substi- 
tuted 1,2,4-triazines 132 (Scheme 75). If the C-5 position is occupied by 
a phenyl group, the reaction takes place at C-3. When both C-5 and C-3 
bear substituents the vicarious nucleophilic substitution occurs at C-6 of 
the 1,2,4-triazine ring (83TL3277; 84MI1, 84MI2). This example again 
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r' = H, CHj, CgHs, SCHj, OCH 3 

R2=H, CHj, Cl; Z=S0 jC 5H5, SOj-NlCHjlCgH;, SOjOCHjClCHjlj 


Scheme 75 



134 


Scheme 76 
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shows that the relative reactivity of the ring carbons in the reactions 
decreases in the order C-5 > C-3 > C-6. 

Using nitroalkanes as nucleophilic reagents, an elegant synthesis of 5- 
acyl-l,2,4-triazines 134 has been developed (Scheme 76) (84TL4795). In 
this reaction, nitrocilkanes are supposed to act as hidden vicarious re¬ 
agents causing the intramolecular shift of hydrogen in the adduct 133 from 
C-5 to the nitronate moiety (Scheme 76) (84TL4795). 

C. Other SnH Reactions 

The specific nature of 1,2,4-triazine A^-oxides discussed in Section II,C 
is also manifested in the S^H reactions. Treatment of 1,2,4-triazine 2- 
oxides containing electron-donating groups at C-3 with methanol, ethanol, 
or isopropanol in the presence of hydrochloric acid results in 6-alkoxy- 
substituted 1,2,4-triazines 137 (Scheme 77) (77JOC3498). The reaction is 
proposed to involve the addition of alcohol to C-6 of the hydroxy-1,2,4- 
triazinium cation 135, followed by elimination of water. The presence of 
an electron-donating group at C-3 seems also to be important because it 
contributes considerably to the stabilization of the intermediate cationic 
species 136 (Scheme 77). 



137 

R = CHj, C 2 H 5 , CHICHjlj 
X = NHj, NHCHj, NtCHjlj, SCHj 


Scheme 77 

The reaction of 3-amino-1,2,4-triazine 2-oxide with alcohols in the pres¬ 
ence of acylating agents proceeds in a similar way (Scheme 78) 
(77JOC3498). 
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major minor 

Scheme 78 


VI. Transformations of the 1,2,4-Triazine Ring 

A. Ring-Degenerate Transformations 

In Section IV,A,1 it was shown that triazines containing a nucleofugic 
group at C-3 readily undergo SnIAE)'"^" reactions. On the other hand, all 
the data on the reactivity of 1,2,4-triazines toward nucleophilic reagents 
discussed above indicate that the C-5 position is the preferential site for 
CT-adduct formation. Taking this into consideration, it is not astonishing 
to observe that amination of 1,2,4-triazines containing a nucleofugic 
group at C-3 with potassium amide proceeds via two alternative path¬ 
ways, one involving nucleophilic attack on C-3 and the other one at C- 
5 (85T237). '^N-Labeling experiments performed on a number of 1,2,4- 
triazines (Table VI) (75RTC204 ; 80JOC881; 82JHC653; 83MII, 83MI3) 
unequivocally prove that not only the classical SnIAE)'"*" but also the 
Sn(ANRORC) mechanism involving addition of ammonia at C-5, ring 
opening, and ring closure is operating in this amination reaction (Scheme 
79) (85T237). It is clear that, in the latter case, the amino group at C-3 
does not originate from ammonia but from the triazine ring (Table VI, 
Scheme 79). This amination is an example of the so-called ring-degenerate 
transformation reactions (85T237). 

The percentage of the participation of the Sn(ANRORC) pathway in 
the amination with potassium amide in liquid ammonia depends strongly, 
as can be expected, on the nature of the leaving group at C-3, although 
there is no linear dependency found between the leaving group ability and 
the contribution of the Sn(ANRORC) mechanism: methylthio > chloro > 
bromo > iodo > methylsulfonyl > trimethylammonium > fluoro > hy¬ 
droxy (Table VI) (85T237). 

Ring-degenerate transformations initiated by the nucleophilic addition 
at C-5 of the 1,2,4-triazine ring have also been reported to occur in reac¬ 
tions of 4-aryl-substituted 3-methylthio-l,2,4-triazine-3,5-diones with hy¬ 
drazine hydrate (Scheme 80). This ANRORC mechanism involves the 
open-chain compound 138 as intermediate (80JHC1733; 81JHC953). 
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TABLE VI 


Amination of 3-Substituted 1,2,4-Triazines” 


Substituents 


Yield of 
3-amino 
compound (%) 

Sn(ANRORC) 

(%) 


Le group 

R' 

R^ 

References 

Methylthio* 

H 

H 

11 

93 

75RTC204 

Methylthio 

Phenyl 

H 

71 

100 

82JHC653 

Methylthio 

H 

Phenyl 

51 

83 

82JHC653 

Methylthio 

Phenyl 

Phenyl 

82 

94 

83MI1 

Methylthio 

T-Butyl 

H 

62 

95 

82JHC653 

Methylsulfonyl 

Phenyl 

H 

65 

33 

82JHC653 

Methylsulfonyl 

Phenyl 

Phenyl 

48 

53 

83MI1 

Methylsulfonyl 

T-Butyl 

H 

59 

54 

82JHC653 

Fluoro 

Phenyl 

H 

54 

18 

80JOC881 

Chloro 

Phenyl 

H 

40 

96 

80JOC881 

Chloro*' 

H 

Phenyl 

52 

83 

82JHC653 

Chloro 

Phenyl 

Phenyl 

58 

56 

83MI1 

Chloro 

T-Butyl 

H 

49 

95 

82JHC653 

Bromo 

Phenyl 

H 

29 

93 

80JOC881 

lodo 

Trimethyl- 

Phenyl 

H 

31 

63 

80JOC881 

ammonium 

Trimethyl- 

Phenyl 

H 

42 

34 

82JHC653 

ammonium 

Phenyl 

Phenyl 

29 

25 

83MI1 

Hydroxy' 

Phenyl 

H 

61 

10 

82JHC653 

Hydroxy' 

T-Butyl 

H 

39 

0 

82JHC653 


“Reaction with potassium amide in liquid ammonia at -33°C (Scheme 79). 
‘At -75“C. 

'With HjCjOPi = OKNHj), at 235-240°C. 




Scheme 79 



Sec. VLB] 


MONOCYCLIC 1,2,4-TRIAZINES 


127 



Le = 0H, SH, SCH 3 NHj 

Scheme 80 


B. Transformations of 1,2,4-Triazines into Other 
Azines 

There is overwhelming experimental evidence of the ability of 1,2,4- 
triazines to undergo inverse electron-demand Diels-Alder reactions by 
action of electron-rich ethylenes, such as ketene-0,0-. -0,S-, -S,S-, 
-S,N-, -N,N-, and -MO-acetals. In these cycloaddition reactions, the ini¬ 
tial attack of the dienophile is across C-3 and C-6 of the triazine ring, 
whereupon, with evolution of nitrogen, from the pyridine derivatives 140 
and 142 are formed from the cycloadducts 139 and 141: (Scheme 81) 
(69TL3151; 83T2869; 86CRV781; 87MI1). 

Much attention has been paid to the intramolecular version of this 
Diels-Alder reaction. The synthesis of a large number of condensed pyri- 
dines and pyrazines has been developed based on intramolecular transfor¬ 
mations of 1,2,4-triazines containing alkenyl or alkynyl side-chain substit¬ 
uents (84AP379, 84CZ331; 85AP1048, 85AP1051, 85TL2419, 85TL4355; 
86TL431, 86TL1%7, 86TL2107, 86TL2747; 87JOC4280, 87JOC4287, 
87T5145, 87T5159, 87TL379). In particular, triazines 54-56 and 59, the 
preparation of which has been discussed in Section IV,A,1 (Schemes 37 
and 38), are transformed on heating into the corresponding pyrrolo, furo, 
pyrano, or cycloalkeno annelated pyridines. An example is given in 
Scheme 82. Also, the intramolecular triazine to pyrazine transformation 
has been observed to occur in the reaction of 3-methylsulfonyl-substi- 
tuted 1,2,4-triazines with 2-cyanophenol (Scheme 82) (87T5159). Thus, 
using 1,2,4-triazines with a nucleofugic group at C-3 as substrate and nu- 
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cleophilic reagents containing the cyano group provides an elegent syn¬ 
thesis of condensed pyrazines! 

These inter- and intramolecular ring transformations of triazines have 
been reviewed extensively (83T2869; 86CRV781; 87MI1); thus, there is 
no need to dwell on this subject in more detail. We wish to mention here 
one particular example which will likely stimulate new investigations into 
the area of cycloaddition reactions. 

It has been reported that the intramolecular transformation of 5-phenyl- 
3-(3-butynylthio)-l,2,4-triazine ( 143 ) into 6-phenyl-2,3-dihydrothieno[2,3- 
b] pyridine ( 145 ) requires heating in refluxing dioxane (100°C) for 24 hr 
(Scheme 83) (87JOC4280). Our own experiments show that the same re¬ 
sult can also be reached under considerably milder conditions if the tria- 
zinium salt 146 is used as the starting material (88H(ip)). The salt 146 , 
easily obtained by treatment of triazine 143 with triethyloxonium te- 
trafluoroborate at room temperature in dichloromethane solution, gives 
on heating in acetone (60°C) for 7 hr the borate salt 147 in nearly quantita¬ 
tive yield (Scheme 83) (88H(ip)). 



It is well known that introduction of electron-withdrawing substituents 
increases electron deficiency in the 1,2,4-triazine substrate and enhances 
its reactivity in Diels-Alder reactions with electron-rich dienophiles 
(83T2869; 86CRV781; 87MI1). The reaction under consideration is the 
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first example in which electron deficiency of the 1,2,4-triazine ring is en¬ 
hanced by quaternization of the N-1 nitrogen. The cycloaddition reaction 
on the quaternary salt 146 occurs in the same manner as in the case of 
neutral 1,2,4-triazines, i.e., initial addition takes place across the C-3/C- 
6 positions of the 1,2,4-triazine ring (Scheme 83) (88H(ip)). 

Several papers report on transformations of 1,2,4-triazines into sym¬ 
metrical 1,3,5-triazine derivatives (80JOC881; 81TL1393; 83IJC(B)559; 
87JOC71). For instance, 5-phenyl-1,2,4-triazine is transformed into 2-ami- 
no-4-phenyI-1,3,5-triazine on treatment with potassium amide in liquid 
ammonia. The scheme advanced on the basis of ‘H-NMR and '*N-labeling 
experiments suggests that the reaction is initiated by the addition of the 
amide ion at C-5, which provokes ring opening, followed by intramolecu¬ 
lar rearrangements resulting in the formation of 1,3,5-triazine 148 
(Scheme 84) (87JOC71). 



Scheme 84 


Formation of 1,3,5-triazine derivatives has also been observed in the 
reaction of 3-halo-5-phenyl-1,2,4-triazines with potassium amide in liquid 
ammonia (80JOC881) and on treatment of 3-chloro-5,6-diphenyl-l,2,4-tri- 
azine with phenylmagnesium bromide (83IJC(B)559). Both transforma¬ 
tions were assumed to be initiated by the addition of the nucleophile em¬ 
ployed at C-5 of the 1,2,4-triazine ring. 

C. Transformations of 1,2,4-Triazines into Azoles 

There are several reports in which the addition of nucleophilic reagents 
at C-5 or C-6 does not lead to ring transformations into azines but causes 
contraction of the 1,2,4-triazine ring into five-membered azoles. 



Sec. VI.C] 


MONOCYCLIC 1,2,4-TRIAZINES 


131 


1. Transformations Leading to 1,2,4-Triazoles 

Reaction of alkali hydroxide with l-methyl-l,2,4-triazinium salts 149 
provokes transformation into 1,2,4-triazole derivatives 153 (Scheme 85) 
(7ICC 1636). The reaction is presumed to be initiated by addition of the 
nucleophile on the carbon adjacent to the quaternary nitrogen (i.e., at C- 
6). Attempts to obtain spectroscopic evidence for the intermediary o-ad- 
duct 150 failed; however, some support for their formation is provided by 
the fact that 1-methyl-l,2,4-triazin-6-ones 152 were isolated as by-prod¬ 
ucts when 6-unsubstituted quaternary salts 149 (R^ = H) were treated 
with alkali under oxidative conditions (Scheme 85) (71CC1636). Transfor¬ 
mation into triazoles 153 occurs in the presence of nucleofugic groups at 
C-3 (R' = OCH3, SCHj) in salts 149 (Scheme 85). 



152 153 

Scheme 85 


5-Phenyl- and 3,5-diphenyl-substituted triazines 154 undergo to a small 
extent ring contraction by action of potassium amide in liquid ammonia 
to yield 1,2,4-triazoles 155. Again, nucleophilic addition at C-6 is pre¬ 
sumed to facilitate ring opening (Scheme 86) (87JOC71). 

There are also a number of reports on 1,2,4-triazine-to-1,2,4-triazole 
ring transformations initiated by the addition of nucleophiles at C-5 
(68CR9041,68CR1726; 70BSF1590, 70BSF1599; 72BSF1511; 79JHC199). 
For instance, when treated with aqueous sodium hydroxide, 6-amino- 
l,2,4-triazine-3,5-dione (156) is converted into 3-hydroxy-1,2,4-triazole- 
5-carboxylic acid (157), as shown in Scheme 87. In a similar way, the 
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R = H , CbHb 


Scheme 86 



methoxide ion causes the transformation of l,2,4-triazine-3-thiones 158 
into 3-substituted l,2,4-triazole-5-thiones 159 (Scheme 87) (72BSF1511). 




Scheme 87 


2. Formation of 1,2,3-Triazoles and Imidazoles 

There are several reports on conversion of 1,2,4-triazines into 1,2,3- 
triazole derivatives (66JOC3914; 76LA153; 78HC(33)189). Acidic hydro¬ 
lysis of 3-methyl-6-phenyl-l,2,4-triazine 4-oxide (160) affords 4-phenyl- 
1 ,2,3-triazole (162), The reaction occurs via an ANRORC route initiated 
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by the addition of water at C-3 of the protonated triazine A^-oxide 160, 
followed by the formation of the acyclic intermediate 161 and ring closure 
(Scheme 88) (76LA153). The proposed route is confirmed by the fact that 
the hydrolysis of other triazine 4-oxides results only in acyclic ring- 
opened products (76LA153). 


0 



161 152 

160 


Scheme 88 

Interesting conversions of 1,2,4-triazine 2-oxides 163 and 165 into 
1,2,3-triazole or imidazole derivatives 164 and 166, by action of nucleo¬ 
philes such as aniline and phenylhydrazine, occur under rather drastic 
degradative conditions, but the mechanism of these transformations re¬ 
mains unsolved (Scheme 89) (66JOC3914; 78HC(33)189). 



165 166 

Scheme 89 


Reaction of 3-chloro-5,6-diphenyl-l,2,4-triazine with phenylmagnesium 
bromide has been found to result in a rather complex mixture of 12 prod¬ 
ucts!!), including tetraphenylimidazole (169) and triphenylimidazolone 
172. 2,5-Dihydro-l,2,4-triazines 168 and 171, resulting from the addition 
of the Grignard reagent at C-5 of 3,5,6-triphenyl-l,2,4-triazine 167 and 
5,6-diphenyl-1,2,4-triazin-3-one 170, are postulated as the key intermedi- 
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ates in these ring-contraction reactions (Scheme 90) (83IJC(B)559). For¬ 
mation of tetraphenylimidazole (169) from 5,6-diphenyl-l,2,4-triazin-3- 
one (170) and 3,5,6-triphenyl-l,2,4-triazine (167) by phenylmagnesium 
bromide has also been observed by other authors (71JPR699; 
73BSF2818). 



167 


168 



CsHsMgBr 


169 


MgBrOH 



171 172 173 


VII. Conclusion 

In this article we discussed the behavior of simple 1,2,4-triazines in 
reactions with nucleophilic reagents, paying special attention to the fea¬ 
tures of common character and using the data published between 1968 
and 1987. Unfortunately, many aspects of the reactivity of triazines have 
to be discussed qualitatively because of lack of quantitative data. Al¬ 
though the chemistry of 1,2,4-triazines has been studied extensively for 
a long period of time and many papers have appeared on this heterocyclic 
system, many details still remain to be investigated. In particular, very 
little is known about the reactivity of 1,2,4-triazinium cations toward both 
mono- and bifunctional nucleophilic reagents and their participation in 
both inter- and intramolecular cyclization reactions. Recent investiga¬ 
tions of intramolecular cycloaddition reactions with triazinium cations in- 
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dicate that it might be a very promising area for the development of new 
syntheses of heterocyclic compounds. 
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1. Introduction 

As is well-recognized, the enormous developments in the chemistry of 
organoboranes and related compounds during the last two decades have 
contributed greatly to the recent progress of synthetic organic chemistry. 
Several comprehensive and excellent reviews and books have been pub¬ 
lished (72MI1; 73MI1; 75MI1; 76MI2; 79MI3; 80MI1, 80MI2; 82ACR178. 
82CSR191). 

The chemistry of boron-containing heterocycles is diverse. A variety 
of heteroaromatic compounds having a boron atom in the ring, borazaro- 
matics for example, has been investigated, mostly due to their interesting 
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physical and chemical properties (76MI1; 77HC381; 82MI1). A number 
of derivatives of boron have been synthesized and evaluated for potential 
use in cancer therapy (64MI1; 83MI1; 85JOC841). In some cases, the re¬ 
action of heterocycles with various boron reagents involves their deriva¬ 
tives as crucial reaction intermediates. 

This article, therefore, will deal only with the chemistry of heteroaro¬ 
matic compounds directly substituted on a ring carbon with a boron atom. 
The primary chemical literature published between 1965 and the middle 
of 1987 is surveyed, but patents are not included. Earlier relevant litera¬ 
tures are also referenced. 


II. Syntheses 

The application of general reactions available for the synthesis of aryl- 
boranes to synthesis of boron-substituted heteroaromatic compounds is 
somewhat restricted by the presence of a sensitive heteroaromatic ring. 
The substitution reaction of heteroaryl-metallic compounds (1) with halo- 
boranes (2) has been used to synthesize five-membered rr-excessive het- 
eroarylboranes (3) (76CB1075) (Scheme 1). 

+ R^BX - 

(1) (2) (3) 

Z = 0,S,NMe ; R = alkyl ; R' = alkyl, halogen 
M = Li , SiMe3 , SnMe3 
Scheme 1 

The redox reaction between aryl iodides and triiodoborane to give aryl- 
diiodoboranes (70JOM305, 70JOM3I5) can also be applied to the synthe¬ 
sis of thienylborane derivatives (5) from 5-methyl-2-iodothiophene (4) 
(70CB2308) (Scheme 2). 

As special care must be taken in handling haloboranes, these methods 
are limited and yields are usually unsatisfactory. The reaction of metal- 
loaromatics with trialkoxyboranes has been commonly used for the prep¬ 
aration of arylboronic acids (56CRV959; 59MI1; 65RTC439; 75MI2; 
76BSF(2)1999). The method is successfully applied to the synthesis of 
six-membered ir-deficient heteroarylborane derivatives from the corres¬ 
ponding lithioheteroaromatics (6) and methoxyboranes (7). The proce¬ 
dure provides a facile and versatile synthetic route to dialkyKpyridyl or 
benzo-fused pyridyl)boranes (8) (84H2471) (Scheme 3). 
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( 6 ) 

3- or 4-pyridyl 
BR 2 = BEt 2 or 9- 



Diethyl-(3-pyridyl)borane can also be prepared from 3-lithiopyridine by 
the sequence shown (83CPB4573) in Scheme 4. 



Scheme 4 


The reaction of 2-lithiopyridines (9) with 10a,b affords borates 11, 
whereas reaction of 9b with 10b gives 13, suggesting some steric effect of 
the 6-methyl group on the pyridine ring in the reaction. Upon heating, 
11a is converted to dimeric borane 12, which is obtainable alternatively 
by iodinolysis of the corresponding borate derived from 9 and triethylbo- 
rane (84H2471) (Scheme 5). 

In the quinoline series, remarkable differences between the 2-, 3-, and 
4-isomers are observed. Thus, contrary to the smooth formation of di- 
ethyl-(3-quinolyl)borane mentioned previously, the products from reac¬ 
tion of 14 with 10a are the corresponding ethylquinolines (16), presumably 
derived from intermediate borate 15 via 1,2-migration of an ethyl group 
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L 11 + MeOBRj 

(9) (10) 

a, R = H a, BR^ 

b, R = Me b, BR^ 

A 

Me^N'^(9-BBN) 

(13) (12) 

Scheme 5 


followed by oxidation (Section III,B,1)- Similar treatment of 14a with 10b 
gives B-(2-quinolyl)-9-borabicyclo[3.3.1]nonane (-9-BBN) in moderate 
yield (84H2471) (Scheme 6). 



%,An«*^(9-BBN) 


Scheme 6 

Several pyrimidine derivatives having the dihydroxyboryl group, such 
as 5- (64JA1869) or 6-uracil- (17) (78TL4981; 85JOC841), 2,4-dialkoxy- 
5-pyrimidinyl- (18) (64JA1869), and 2'-deoxy-5-uridinylboronic acid (19) 
(78TL4981; 85JOC841), are similarly prepared by a halogen-metal ex¬ 
change reaction of the corresponding bromo derivatives, followed by bo- 
ronation, giving possible boron-substituted antimetabolites. 

Tetracoordinated borate complexes are usually formed as intermedi¬ 
ates, which are not always isolated. Convenient methods for the synthesis 
of aryl borates consist of the reaction of boron halides with an appropriate 
organometallic compound or the complexation of boranes with a nucleo¬ 
phile (76JOM281; 78JCS(P2)1225; 79MI2). Application of the former 



I OH b, R = H 

BR2 BR^ = 9-BBN 


(U) c, R = Me 

= 9-BBN BR^ = BEt2 

jR=H 

I BR2=BEt2 
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( 12 ) ( 18 ) ( 19 ) 


a, 5-substd. b, 6-substd. 

method, however, might be unsuitable for the synthesis of heteroaryl bo¬ 
rates because of the use of reactive boron halides. 

TT-Excessive heteroaryl borate salts are usually prepared in situ at low 
temperature by the reaction of metalloheteroaromatics with the desired 
boranes. In the ir-deficient N-heteroaromatic series, the same type of 
method is used for the formation of borates (74JA5601; 76T769). The syn¬ 
thetic versatility of these borates is discussed in Section 
Some examples of attempted isolation of resulting borates such as tri¬ 
butyl 3-pyridyl-, 3-quinolyl-, or 4-isoquinolyl borates by quaternization of 
the ring nitrogen with various allylic bromides have been reported 
(87JHC377). Alternatively, diethyl(3-pyridyl)borane obtained by the 
method mentioned previously reacts with potassium cyanide, and then, 
with alkyl halides, to afford cyanoborate betaines (20) in high yields 
(83CPB4573) (Scheme 7). 



( 20 ) 

Scheme 7 

III. Reactions 

Compared with other organometallics, organoborane compounds are 
relatively inert to chemical transformations, particularly to ionic reac¬ 
tions, because of the less polar nature of the carbon-boron bond. 

The reactions of boron-substituted heteroaromatic compounds may be 
formally classified into two types: (1) reactions relating to the carbon- 
boron bond, and (2) all other reactions. Very few investigations have 
been reported concerning the latter. 
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Section III,A emphasizes versatile and convenient reactions of boron- 
substituted heteroaromatic compounds for synthetic heterocyclic chem¬ 
istry. 

A. Borylheteroaromatic Compounds 

1. Palladium-Catalyzed Cross-Coupling Reaction with 
Organic Halides 

Cross-coupling reactions between 1-alkenylboranes and organic halides 
such as an alkenyl, alkynyl (79TL3437), allyl, benzyl (80TL2865), and 
aryl (79CC866) halides in the presence of a catalytic amount of tetrakis- 
(triphenylphosphine)palladium and an appropriate base have been exten¬ 
sively studied (82ACR178). The reaction has further been successfully 
extended to cross-coupling of phenylboronic acid with haloarenes to pro¬ 
vide an efficient synthesis of biaryls (81SC513). 

Arylboronic acids are stable and unreactive toward various functional 
groups in general, so this method has greater advantages than preceding 
ones that will poorly tolerate reactive groups. The procedure has been 
widely used as a versatile method for the synthesis of a large number of 
arylated heteroaromatics from aryl- or heteroarylboronic acids. 

The synthesis of unsymmetrical bithienyls (23) from 21 and 22 was real- 


(21) 

(^) 

(21) 

■ or 3-boronic 

2- or 3- 


:id 

bromo 


= H, 2- or 3-CHO 

; R' = 2-CHO, N02, 
2,4-Me2 

Scheme 8 

SMe, CO2H, 3-Me 

|r^B(0H)2 + 

—- 

O-P 

(24) 

(25) 

(16) 

2- or 3- 

2-, 3- or 

six isomers 

substd. 

4-bromo 



Scheme 9 
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ized by utilizing this procedure (83CS265; 84CS(23)120; 86MI2) (Scheme 
8). Likewise, all six isomeric thienylpyridines (26), examples of a combi¬ 
nation of a Tr-excessive thiophene ring with a -ir-deficient pyridine ring 
previously obtained in low yields (69JOC3175), were prepared from thie- 
nylboronic acids (24) and bromopyridines (25) in fair yield (84CS(24)5) 
(Scheme 9). 

Despite numerous procedures available for the synthesis of 2- and 4- 
arylpyridines, versatile methodology is scarce for 3-arylpyridines. 5-Thie- 
nyl nicotinates (28) of biological interest are synthesized by the reaction 
of 24 and 5-bromo nicotinates (27) in good yield (84JOC5237) (Scheme 
10 ). 



(27) (^) 


R = Me, OMe, SPh 
Scheme 10 

The coupling reaction of arylboronic acids with aryl halides offers a 
direct and excellent route for the synthesis of a variety of biaryls. The 
same type of reaction proceeds with pyridylborane derivatives to provide 
an efficient alternative for the arylated pyridines as well. For example, 
diethyl(3- or 4-pyridyl)boranes (29a,b) were coupled with aryl or vinylic 
bromides (30) under similar conditions to give 3- or 4-substituted pyri¬ 
dines (31) in moderate to good yield (84H265, 84H2475, 84S936) (Scheme 
11). The reaction will tolerate a wide variety of functional groups. 



+ 

Pd (PPh,), 

R-Rr- 3^4^ 




base 


(29) 


(30) 

(31) 

3-substd, 


R = aryl. 

3- or ‘ 

4-substd. 


alkenyl, 

substd, 


heteroaryl. 


Scheme II 

Further applications of this methodology to an efficient preparation of 
terpyridyls (32, 33) are realized by the reaction of 29a with 2,6-dibromo- 
pyridine in 50-60% yield. Selective preparation of desired terpyridyls can 
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be performed by altering the pyridylborane: dibromopyridine molar ratios 
employed in the reaction (85CPB4755) (Scheme 12). 

Although much attention has been given to the synthesis of substituted 
quinolines due to their valuable chemotherapeutic, tumor-inhibiting, and 
fungicidal properties, general methods for the regioselective introduction 
of an alkenyl, aryl, or heteroaryl group onto the quinoline nucleus are 
rare (82HC1). The following reaction may overcome these difficulties. 



Scheme 12 


The reaction of dialkylquinolylboranes (34) with organic halides (35) fur¬ 
nishes substituted quinolines (36) in moderate to fair yield, as in the case 
of pyridines (85H2375) (Scheme 13). Similarly, 4-substituted isoquino¬ 
lines (38), one of the common structural units of isoquinoline alkaloids, 
have been prepared from diethyl-(4-isoquinolyl)borane (37) (87H1603) 
(Scheme 14). 



(14) (35) (^6) 

a, BR2= 2-(9-BBN) R' = aryl, a, 2-substd. 

b, BR2= 3-BEt2 heteroaryl, b, 3-substd. 

alkenyl 


Scheme 13 
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heteroaryl, 

alkenyl 


Scheme 14 

2. Oxidation 

The oxidative cleavage of a boron-carbon bond is one of the important 
and well-documented processes in organoboron chemistry. With thio- 
pheneboronic acids (39), oxidation is conveniently performed by aqueous 
hydrogen peroxide, with or without alkali, to afford the corresponding 
hydroxyl (40) or the predominant tautomeric oxo derivatives (41, 42), de¬ 
pending upon the ring substituent (63AK239; 64AK211; 66ACS261; 
74JHC291) (Scheme 15). 

(39) (40) (41) (42) 

R = H, 3- or 4-Br, 3- or 5-alkyl, 3-MeO, 
5-Ph,or thienyl 
R' = H or Me 

Scheme 15 



(£3) (44) 

Scheme 16 
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A simple two-step synthesis of benzo[i]thiophene-2(3W)- (43) and 
-3(2//)-ones (44) has been reported (70JCS(C)1926) (Scheme 16). Similar 
results are also obtained by starting with )V-methylindole (45). Compound 
46 is obtained in a one-pot reaction in moderate yield (87MI1) (Scheme 
17). 

More recently, an efficient direct conversion of 5-substituted 2-lithio- 
furans (47) to corresponding butenolides (48) has been attained in a re¬ 
lated sequence (87TL1203) (Scheme 18). 



1) BuLl ( 1) R-x ) 

2) MeO-(9-BBN) 2) HjOj 

OH" 



(45) 




B(0Me)3 

ClB(0Me)2 


(47) 


Scheme 17 


(46) 

R = H, allyl, 
or benzyl 




(OMe )2 Na 2 C 03 


rXo^o 


R = aryl, alkyl 


MCPBA = m-chloroperbenzoic 
acid 


Scheme 18 


3. Miscellaneous Reactions 

a. Protodeboronation. Studies on protodeboronation of furan- 
and thiopheneboronic acids to their parent heterocycles and boric acid 
are carried out using a conventional aqueous perchloric acid method to 
estimate the relative reactivities of heteroaromatic rings for electrophilic 
substitution. The quantitative assignment of the reactivities of the ring to 
substitution is a-furan > a-thiophene > p-furan > p-thiophene 
(57AK387; 65AJC1521; 75JHC195). 

b. Bromination. The directing effect of the boronic acid group in 
the bromination of 2- or 3-thiopheneboronic acid has been explored. Ex¬ 
clusive formation of 5-bromo derivatives from the 2-isomer, despite the 
meta-directing effect of the boronic acid group, reveals that the reaction 
is completely controlled by the sulfur atom in the ring (57AK387). 
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C. Protonolysis. Although the protonolysis of a boron-carbon 
bond by a carboxylic acid is a well-established process, predominant 
cleavage of the ethyl group of diethyl-(3-pyridyl)borane is observed upon 
refluxing in propionic acid to give 3-pyridylboronic acid (83CPB4573), ori¬ 
ginally synthesized by the reaction of 3-pyridylmagnesium bromide and 
butyl borate followed by hydrolysis (65RTC439). 

B. Heteroaryl Borate Complexes 

1. Intramolecular 1,2-Anionotropic Shift from Boron to 
Carbon 

New C—C bond formation through a spontaneous 1,2-anionotropic re¬ 
arrangement is the most fundamental and important process in tetrava- 
lent, negatively charged boron compounds (“ate” complexes) 
(76JOM281; 80MI2; 82ACR178; 82CSR191). The process may be exam¬ 
ined using heteroaryl borates, allowing the regiospecific functionalization 
of the aromatic ring. This concerted 1,2-shift works well with ir-electron 
excessive five-membered heteroaryl borates through a rapid interaction 
with added electrophiles. 

Treatment of 2-lithiothiophene or 2-lithio-l-methylpyrrole (49) with RjB 
(R = alkyl, phenyl), then iodine or A-chlorosuccinimide (NCS), gives 2- 
substituted derivatives of thiophene or 1-methylpyrrole (50), respectively 
(Scheme 19). The reaction can be rationalized by considering the initial 
electrophilic attack on the heteroaryl ring with spontaneous 1,2-migration 
of the R group, followed'by dehaloboration (79BCJ1865, 79TL2313). 



(50) 

Scheme 19 

Using COj as an electrophile, formation of 5-alkyl-2-thiophenecarbox- 
ylic acids (52) from the corresponding borates (51) can also be realized 
(86MI1) (Scheme 20). Analogously, 3-alkyl derivatives of furan and thio¬ 
phene (54) are formed from the corresponding borates (53) and iodine or 
bromine (81BCJ1587) (Scheme 21). 
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(53) (^) 


Z = S, 0 ; R = alkyl 

Scheme 21 



b, R = Me 


Scheme 22 

When equimolar amounts of 2-lithiofurans (55a,b) and RjB are treated 
with iodine, 2-alkylfurans (56) are formed. Bulky alkyl groups give higher 
yields of 56 (79S146) (Scheme 22). 

With a 2:1 molar ratio of 2-lithiofuran (55a) to RjB, a cyclic borate 
(57) is isolated after treatment with AcOH at room temperature; 57 is 
convertible to 1,4-diols (58) by oxidation. Severe steric hindrance by a 
bulky R group in RjB lowers the yield of 58 (71T2775) (Scheme 23). This 
principle has been developed for the selective formation of substituted 
indole derivatives (60, 61) through 2-indolyl borates (59) under the action 
of various electrophiles (78JOC4684; 79TL4021; 87JHC377) (Scheme 24). 
Biaryl synthesis is also possible on the basis of this principle. The action 
of bromine or iV-bromosuccinimide (NBS) on heteroarylboric acid esters 
(62) produces 2-aryl derivatives of thiophene and furan (63) (76TL795; 
84TL453) (Scheme 25). 

Oligomers of thiophene (67) are obtained by the sequential reaction of 
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(^) 


Scheme 24 

borates 64-66 (83TL4043) (Scheme 26). Intramolecular 1,2-migration of a 
heteroaryl group from boron to carbon containing a leaving group is also 
possible. 

Treatment of fi-(2-thienyl)-9-BBN (68) and a Schiff base in the presence 
of a base, accompanied by 1,2-thienyl migration leading to 69, gave amino 
acid 70 following hydrolysis (85CC1168) (Scheme 27). 

Borate 72, derived from 49a and 3-chloro-l,2-oxaborinane (71), readily 
undergoes migration to yield 73. Oxidation of 73 gives the 1,4-alkanediol 
(74) (87TL2599) (Scheme 28). 

Furyl borinate 75 (TMS = tetramethylsilyl) is converted smoothly to 
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Z = 0,S ; Ar = phenyl,2-furyl,2-thienyl 
Scheme 25 



R2 



i§e) 

BR 2 = 9-BBN 
n = 2-6 


(62) 

Scheme 26 

furyl ketone 76 by the action of dichloromethyl methyl ether in the pres¬ 
ence of a base. The natural product Perilla ketone (77) has also been syn¬ 
thesized (87JA5420) (Scheme 29). 

On reacting iT-electron-deficient six-membered heteroaryl borates, a 
rapid 1,2-alkyl migration can be realized. Exposure of 6-bromo-2-lithio- 
pyridine (78) to R 3 B causes a smooth concerted alkyl migration with ring 
opening to produce unsaturated nitriles (79) (74JA5601; 76T769) (Scheme 
30). Similarly, a very rapid 1,2-alkyl migration is found in the reaction 
between 14a and R3B, leading to 2-alkylquinolines (80) (87SC959) 
(Scheme 31). The reaction of EtjBOMe (10a) with 2- or 4-lithioquinoline 
(14) produces 2- or 4-ethylquinoline (16), respectively (84H2471) (Section 





(^) BR2 = 9-BBN 


p—n o^cOjE 



(21) R = alkyl { 12 ) 



(77) 


Scheme 29 
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BR2 H 

(79) 


Scheme 30 




(iO) 

Scheme 31 

II, Scheme 6). In the case of 4-pyridyl borates (81), a similar alkyl shift 
is feasible following attack of a Lewis acid or an acyl halide on the nitro¬ 
gen to afford 4-alkylated products 82 and 83 (86H2793) (Scheme 32). 


2. Reactions Promoted by Copper(I) Ion 

Combination of copper(I) ion with organoborates can bring about use¬ 
ful synthetic reactions (82ACR178). 

A noticeable effect of Cu^ on the reaction of 3-pyridyl borates 84 with 
allylic halides can be found; regioselective allylation at the 3-position of 
pyridines 85 results (85H117). This is a common feature with benzo-fused 
pyridyl borates (87JHC377) (Scheme 33). 
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(81) 


BF3-OEt2 




R = alkvl 



(82) 



(M) 

Scheme 32 



allyllc halides 
CuCN 


(84) 

R = Et, Bu, 

3- pyridyl, 3-quinolyl, 

4- isoquinolyl 

Scheme 33 



(85) 

R* = allylic 
group 


By contrast, 4-quinolyl borate 86 gives 3-allyl-4-alkylquinolines (87) on 
similar treatment (87SC959), probably through a pathway analogous to 
the case of tributyl 1-naphthyl borate (74CC860) (Scheme 34). 

The presence of Cu"^ markedly enhances the formation of allylated 
compounds (89, 91) from five-membered heteroaryl borates (88, 90) and 
allyl bromide, as mentioned above (87JHC377) (Scheme 35). Coupling of 
59 with ally! bromide under the action of Cu"^ occurs selectively at posi¬ 
tion -2 of the indole ring to give 93, in marked contrast to the formation 
of 2,3-disubstituted indole (92) described previously (Section III,B,1) 
(87JHC377) (Scheme 36). 
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Me Me 

(90) (91) 



(92) 


R = allcyl 
Scheme 36 


3. Miscellaneous Reactions 

The action of iodine on triethyl 2- or 3-pyridyl borate resulted in deal¬ 
kylation, leading to the corresponding diethylpyridylboranes (Section II), 
in a process somewhat similar to that of phenyl borate (78JCS(P2)1225; 
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83CPB4573; 84H2471). In contrast to 3-pyridylborane, borates 94 are sus¬ 
ceptible to quarternization with various allylic and alkyl halides to form 
stable betaines (95). Likewise, betaines 96 and 97 are obtained from 3- 
quinolyl and 4-isoquinolyl borates, respectively (83CPB4573; 87JHC377) 
(Scheme 37). 



R' 


(94) 

BR3 

R'X 


(95) 

BEt3, BBU3, BEt2CN 
alkyl, allylic 
halides 

Scheme 37 


R = Bu 

R' = allylic 


IV. Nuclear Magnetic Resonance Spectra 

A. Carbon- 13 NMR Spectra 

Carbon-13 NMR C^C-NMR) signals of aryl carbon atoms bonded di¬ 
rectly to boron can be broad and/or low-intensity peaks. In some cases, 
they may not be observed, possibly depending on the quadrupolar relax¬ 
ation rate of boron nuclei (79MI1) (Fig. 1). Some special techniques are 
known to increase the intensity of '^C signals of these carbon atoms 
(77JOM( 132)29; 78JOMC34). 



Fig. 1. '^C-NMR signals for some heteroaryl boranes. Numbers in parentheses refer to 
’C chemical shifts relative to the parent heteroaryl compound. 
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Fig. 2. Resonance interactions between boron atom and heteroaromatic ring in hetero¬ 
aryl boranes. 


Resonance interaction between the boron atom and the five-membered 
heteroaromatic ring accounts for the downfield shift of the ring carbons, 
particulaly the strong deshielding of the C-3 and C-5 carbon atoms 
(79JOM15) (Fig. 2). 

Tabulated '^C chemical shift data for pyridylboranes show that de¬ 
shielding of ring carbons is less signficant in comparison with those of 
five-membered heteroarylboranes, but the C-3 carbon in 3-pyridylborane 
is conspicuously deshielded (31 ppm) (83CPB4573; 87UPI) (Fig. 3). 


B. Proton NMR Spectra 

Lower field shifts of ‘H signals at the 3- and 5-positions in 2-borylated 
five-membered heteroaromatics have been observed (76CB1075), sug¬ 
gesting that the ir-interaction to boron is also significant (Table I). 

Proton NMR data for pyridylboranes are given (83CPB4573; 87UP1) 
in Fig. 4; those of heteroarylboronic acids are available in the literature 
(70CR(C)1608; 71M11; 76BSF(2)1999; 77CS76). 


135.5 



(dimer) 





Fig. 3. ‘^C chemical shift data for diethyl(2-, 3-, and 4-pyridyl)boranes and for pyridine, 
given in CDCI3. 
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TABLE I 

Proton Chemical Shifts of Borylated 
Five-Membered Heteroaromatics 



z 

'H-chemical shifts (8 ppm)“ 

H' 

H" 

H’ 

s 

7.80(0.84) 

7.25(0.29) 

7.80(0.60) 

0 

7.30(1.00) 

6.50(0.20) 

7.75(0.37) 

N Me 

7.05(0.94) 

6.12(0.01) 

6.84(0.28) 


“Numbers in parentheses refer to the differences 
in 'H chemical shifts relative to the parent heteroar¬ 
omatic compounds. 



(dimer) 

Fig. 4. Proton NMR data for diethyl(2-, 3-, and 4-pyridyl)boranes. Spp„ with respect to 
TMS in CDCI3. 


C. Boron- 11 NMR Spectra 

As is obvious from the “B-NMR spectral data of borylated thiophene, 
A(-methylpyrrole, and furan in Fig. 5, "B signals appear at higher field in 
comparison with phenylborane. This suggests that B-C {p^-pj interac¬ 
tion is much more significant in five-membered heteroaromatic rings than 
in a phenyl ring (76CB1075). 

In a pentacarbonylchromium complex of o-s-bonded 2-diethylboryl-5- 
methylthiophene, a donor-acceptor interaction between boron and a car¬ 
bonyl group is suggested in order to rationalize the higher field shift of its 
"B signal (77JOM(125)155) (Fig. 6). 

A brief review of “B-NMR spectroscopic studies is available (64MI2), 
along with an extensive listing of "B-NMR chemical shift data (78MI1; 
83JOM269). 
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68.0 47.3 44.3 35.0 

Fig. 5. "B NMR data of phenylborane, as well as borylated thiophene, N-methylpyrrole, 
and furan. 


C 


a b 



Fig. 6 . "B-NMR data for 2-diethylboryl-5-methyl thiophene (a) and its pentacarbonyl- 
chromium complex (b). In the latter, donor-acceptor relationship between boron and the 
carbonyl group is postulated to account for its higher field "B shift (c). 


im 

,^N-^B(NMe2)2 




^Me2 




Fig. 7. '■‘N-NMR data (in ppm) 2-borylated N-methylpyrroles. 
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D. Nitrogen-14 NMR Spectra 

Few '''N-NMR data for 2-borylated IV-methylpyrroles show a ‘''N 
chemical shift dependency on the ir-accepting ability of a boryl group 
(76CB1075) (Fig. 7). 
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I. Introduction 

Formation of a 1,2,4-triazoline heterocycle was first observed by Pin¬ 
ner (1892MI1; 1895CB465; 1897LA(297)221, 1897LA(298)1) in the course 
of his classic work on the synthesis of amidrazones (50JA2783; 65MI1; 
70CRV151) by the reaction of an imidate with hydrazine; 15 years later 
an example was synthesized by Busch and Ruppenthal (lOMIl) by the 
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cyclocondensation of an amidrazone with an aldehyde. Since then, the 
birth of the concept of 1,3-dipolar cycloadditions (84MI1, 84MI2), along 
with the discovery of several new classes of 1,3-dipoles from the labo¬ 
ratories of Huisgen and associates (63AG(E)565, 63AG(E)633; 
68AG(E)321, 68JOC2291), has contributed greatly to the development of 

1,2,4-triazoline chemistry. 

Unlike 1,2,3-triazolines (84AHC217), there are no previous reviews on 
the chemistry of 1,2,4-triazolines, although the major synthetic routes are 
outlined as parts of related reviews on nitrogen heterocycles (75MI1; 
81MI1; 83MI1; 84MI3). This article surveys the synthesis, physical prop¬ 
erties, and chemical reactions of 1,2,4-triazolines and covers the litera¬ 
ture through 1986 to the middle of 1987. Triazolines bearing ring-linked 
functions that are potentially aromatic (84MI3), such as =0, =S, =N—R, 
and=CRR', are not considered. 


Nomenclature 


Three classes of 1,2,4-triazolines can be recognized (Scheme 1). These 
are identified in Chemical Abstracts since 1972 as dihydro derivatives of 

1,2,4-triazoles. Names shown in parentheses are still being used, with A 
indicating the position of the double bond in the heterocyclic ring. The 
triazoline nomenclature is used in this article. 


12 12 



4,5-<lihydro- 2,5-clihydro- 

1H-1,2,4-tria20le 1H-1,2.4-triazole 

(A^-1,2,4-triazoline) (a^- 1 ,2,4-triazoline) 


Scheme 1 


2 



3,5-dihydro- 
4H-1,2,4-triazole 
(a'- 1,2,4-triazoline) 


Most 1,2,4-triazoline chemistry is associated with the A^- and A^-com- 
pounds, as is apparent from the numerous literature citations; the A'- 

1,2,4-triazolines are rarely studied. 


II. Synthesis of the Triazoline Ring 

The 1,2,4-triazoline ring system can be constructed from reactions of 
acyclic compounds or from transformation of cyclic structures. In the 
classical approach to triazoline synthesis, the N—C—N—N skeleton of 
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amidrazones and other hydrazone derivatives is cyclized with the one- 
carbon fragment of a monocarbonyl compound (lOMIl). It is a highly ver¬ 
satile reaction and alkyl-, aryl-, or heteroaryl-substituted triazolines are 
readily obtained, although the possibility of ring-chain tautomeric trans¬ 
formations calls for caution. More recently, hydride reduction of triazol- 
ium compounds (73BCJ1250) has evolved into a synthetic procedure for 

1.2.4- triazolines. 

Huisgen’s studies on 1,3-dipolar cycloaddition reactions (84MI1), lead¬ 
ing to an impressive array of heterocyclic systems, provide other ap¬ 
proaches to 1,2,4-triazoline synthesis. The union of the C—N—N and 
C—N fragments of the triazoline ring is accomplished by the cycloaddi¬ 
tion reaction of nitrilimines with Schiff bases (62T3) or azomethinimines 
with nitriles (63AG604; 65AG(E)701). Alternatively, the combination of 
the C—N—C and N—N fragments may be attained by the respective 1,3- 
addition of nitrile and azomethine ylides to azo and diazonium com¬ 
pounds (73CB3421; 84TL65). 

The triazolines resulting from the various reaction schemes are pre¬ 
dominantly A^-compounds; the cycloaddition reactions of azomethinim¬ 
ines and nitrile ylides lead to A*-triazolines. The amidrazones are unique; 
a A^- or A^-system results, depending on the presence or absence of N-2 
substitution (84KGS1415). The rare A'-compounds are presumed to re¬ 
sult from the nonregioselective addition of diazomethane to the imine 
double bond (72LA9) or by fluorination of 3,6-diamino-5-tetrazine 
(67USP3326889; 70USP3515603). 

A. Cyclization Reactions of Hydrazones 

The ease of forming C—and C=N bonds as opposed to N—N bond 
formation is reflected in the extensive use of hydrazine derivatives in 

1.2.4- triazoline synthesis. Pinner (1892MI1; 1895CB465; 1897LA(297)221, 
1897LA(298)1) first observed that his “monosubstituted hydrazidine” 
compound (amidrazone)’ (50JA2783 ; 65MI1; 70CRV15I), from imi- 


' Amidrazones have been referred to in the literature as hydrazidines, amide hydrazones 
(A), and hydrazide imides (B). 



Amidrazones of types A and B, in which R' H, are incapable of tautomerism. When 
tautomerism is possible (A ^ B, R' = H), the terms amide hydrazone and hydrazide imide 
cannot be strictly applied. Hence, the term amidrazone is used for all compounds with 
structure A, and is the least ambiguous (70CRV151). 
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date-hydrazine interaction, formed the starting point for the preparation 
of 1,2,4-triazoles along with minor amounts of 1,2,4-triazolines. Since 
then, cyclization reactions of amidrazones and related hydrazones have 
been the subject of extensive studies, particularly ring-chain tautomeric 
transformations (84KGS1415). This family of reactions constitutes a ma¬ 
jor route to the synthesis of a variety of 1,2,4-triazolines, including bis¬ 
and polytriazolines as well as several fused-ring systems. In principle, 
however, ring-chain tautomerism can exist in all of these ring systems, 
which makes unambiguous product identification an essential factor in 
triazoline synthesis. Although valuable spectral aids have been developed 
to distinguish the linear from the cyclic tautomers (80ZOR942), the de¬ 
pendency of the tautomeric equilibrium on substituent, solvent, and tem¬ 
perature (77LA485; 81ZOR1825; 82KGS1264; 84KGS1415) requires care¬ 
ful consideration. The cycloisomerization of amidrazonium salts provides 
a route for the synthesis of 2-methyl-substituted 1,2,4-triazolines 
(84KGS1415). Reagents that attack the nucleophilic terminal amino group 
induce cyclization of isothiosemicarbazones (84JOC1703). 


1. Cyclocondensation of Hydrazones with Monocarbonyl 
Compounds 

Based on NMR spectroscopic evidence (80ZOR942; 81ZOR1825; 
82KGS1264; 84KGS1415), N'-monosubstituted amidrazones, in general, 
are known to react with monocarbonyl compounds to give 1,2,4-triazo¬ 
lines. However, early methods of synthesis usually involved cyclocon¬ 
densation of unsubstituted amidrazones with aldehydes, ketones 
(70JHC1001, 70MI1; 71JHC173, 71JHC1043 ; 73JHC353), or other one- 
carbon sources (71BCJ780; 75JCS(PI)1433). Although the products ob¬ 
tained may be either alkylidene (arylidene) derivatives or 1,2,4-triazo¬ 
lines, in most cases the linear versus the cyclic nature of the products has 
not been resolved. In a few cases in which product identification has been 
effected, the proof is based mainly on subsequent oxidation to triazoles 
(64CR6470; 70JHC1001), which itself is ambiguous because the open- 
chain alkylideneamidrazones and the cyclic triazoline tautomers can both 
undergo oxidation to triazoles (Scheme 2) (64CR6470 ; 70JHC1001). 

a. Amidrazones 1,2,4-Triazolines may be regarded as cyclic ami¬ 
drazones and the classical cyclocondensation reaction of amidrazones 
with aldehydes, employed by Busch (Scheme 3), is still a widely used 
method of synthesis. In the Busch reaction, TV'.yV’-diphenylamidrazone, 
obtained from imidoyl chloride and phenylhydrazine, reacted with benz- 
aldehyde to effect the first synthesis of 1,2,4-triazoline, while the N^,N^- 
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N-NH 

rx^N'«**^R' 


Scheme 2 


compound, unsubstituted at N', yielded only the arylidene derivative or 
SchiffbasedOMIl; 14JPR310). 

A^-l,2,4-Triazolines are reported to result in good yields from a variety 
of alkyl-, aryl-, or heteroaryl-substituted amidrazones and aldehydes in 
refluxing ethanol (Scheme 4) (64CR6470; 70CRV151, 70JHC1001; 
71JHC173). When R = alkoxy or aminocarbonyl, the resulting triazolines 
show herbicidal activity (86EUP189300). Aldehyde acetal has been found 
to effect the cyclization of A^',N^-diphenylamidrazone (Scheme 3) 
(69G69). The reaction of N‘-ethoxycarbonylbenzamidrazone with both 
acetaldehyde and formaldehyde requires a silica catalyst in refluxing ben¬ 
zene (74HCA1382). Formaldehyde fails to give a triazoline with unsub- 


PhC3^ 


N-Ph 

Cl 


Ph-NH-NH2 


PhC^ 

^NHPh 


'^N-Ph 


PhCHO or 
PhCH(0Et)2 

N-NPh 



PhCHO 

y 


.NPh-N=.CHPh 

PhC^ 

■^NPh 


Scheme 3 
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stituted amidrazones; reaction occurs at both the N'- and N^-amino 
functions (Scheme 2) (70CRV151). The reaction of an aldehyde with 
N'-phenylmandelamidrazone leads directly to a 1,2,4-triazole (7(X^RV151). 


''^N-NHR^ 




R and R 
R 


heteroaryl, aryl or alkyl 
aryl, H, or COOEt 
Scheme 4 


N-NHR^ 

rc^j^^chr2 


Several l,3,5,5-tetraalkyl-l,2,4-triazolines (1) have been obtained by 
condensation of dialkyl ketones with iV'-monoalkylamidrazones 
(80ZOR942). Investigations of the spectral parameters of the simple rep¬ 
resentative triazoline structures 1 and a model alkylideneamidrazone with 
a fixed noncyclic structure (2) have led to NMR spectroscopic methods 
for distinguishing the cyclic structures from the linear forms (80ZOR942). 



_ /N=C(CH^)2 




( 1 ) 


( 2 ) 


R^ CH^, R^ = r 3 = = CH^ (a) 

R^ = CH^, rV = (h) 

R^ = CH^, R^ = H, R^ = (o) 

R^ = C^H^, r3 = r'^ = CH^ (d) 

R^ = C^H^, r2 = r 3 = R^ = (e) 

Schiff base formation in the Busch reaction may be avoided by employ¬ 
ing N-(l-chlorobenzyl)benzimidoyl chloride, in which the aldehyde one- 
carbon fragment is already incorporated into the A(-(l-chlorobenzyl) moi¬ 
ety; both chlorine atoms participate in the reaction with arylhydrazine, 
to give modest yields of a A’-l,2,4-triazoline (Scheme 5) (79ZOR1181). 
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=h- fc-N=C- 


Ph + ArNHNHg 


THF. 0-20°C. 
3 hrs 



Scheme 5 


Monoketones, such as acetophenone and 2-acetylpyridine, react with 
unsubstituted amidrazones in refluxing ethanol in the presence of a trace 
of hydrochloric acid to yield 1,2,4-triazolines. Increased concentration of 
acid causes hydrolysis of the amidrazones leading to A^-acylhydrazones 
(Scheme 6) (73JHC353). 


R-^C0NHNH„ 


R^COR^, EtOH 
Cone. HCl 
(3 drops) 

R^ = 5-nitro- 
2-fuxyl 
CH(0C2H 
110-120®C 



= pyridyl or 
2-(1,10)-phenanthrolyl 
= Me or Ph 
B? = Ph or pyridyl 





Scheme 6 


Orthoesters that are susceptible to attack by nucleophiles have been 
found to function as sources of the one-carbon fragment required for ami- 
drazone cyclization; although normally 1,2,4-triazoles are the products 
(70MI2; 73RCR392), occasionally the intermediate triazolines have been 
isolated (71BCJ780). Thus the cyclization product from 5-nitro-2-furami- 
drazone and ethyl orthoformate has been identified as a 5-ethoxytriazo- 
line; elimination of the alcohol fragment yields the triazole as proven by 
thermogravimetric (TGA) and differential thermal (DTA) analysis (Sec¬ 
tion For equimolar amounts of reactants, the triazoline is the sole 

product; with excess orthoformate, a mixture of the triazoline along with 
a bistriazole is obtained (Scheme 6). The latter is postulated to be formed 
directly from the triazoline by reaction with the orthoformate (Section 
IV,A) (71BCJ780). 
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Results presented in Scheme 7 are representative of the extension 
of the amidrazone-aldehyde (ketone) reaction to diamidrazones 
(71JHCI043; 75JCS(PI)I433) and dialdehydes (71JHC1043) to obtain 3,3'- 
and 5,5'-bistriazolines, respectively. Structural assignment is based on 
oxidation to the known bistriazole (3) (71JHC1043). 

Bisalkylideneoxamidrazones, when refluxed in acetic anhydride, yield 
1,4-diacetylbistriazolines; when the alkylidene chain is saturated, the 
product is a bistriazole. The mechanism suggested for triazoline forma- 


H^N-N. 


;C4 R 


OXAMUffiAZOHE (no R Is present) 


HN-N «- 


2,4- or 2,6-pyridyl 
= Phenyl or pyridyl 


„2 N-N 

»4i 










R*^ = H, R-^ = CH2=CH- 
R^ = H, R^ = PhCH=CH — 
= Ph, r 3 = PhCHg- 

N:-NH HN-N 


N-NH HN-N 

R =» 2-pyrldyl (3) 


Scheme 7 



178 


PANKAJA K. KADABA 


[Sec. II.A 


tion involves acylation of the amino group to a monoacyl derivative, with 
further quaternization to yield a stable carbocation, which cyclizes under 
the influence of acetate ion (Scheme 7) (75JCS(P1)1433). 

Synthesis of soluble polytriazolines ( 4 ) of relatively high molecular 
weight has been achieved to a limited extent by solution polymerization 
of diamidrazones with certain select diaidehydes, although attempts to 
prepare methyl-substituted triazoline polymers have been unsuccessful 
(70MI1). 

, HN-N N-NH 

H H 

( 4 ) 

b. N,N' -Diamidines . The Michael reaction of aminomethylene 
malonates with hydrazine hydrate (Scheme 8) yields 5-amino-1,2,4-triazo- 
lines (6) (70T3069). An amidrazone derivative of the N,N'-diamidine type 
(5) (65M11; 70CRV151) is postulated to be an intermediate. The amino¬ 
methylene malonate provides the one-carbon fragment to effect cycliza- 
tion. In refluxing ethanol a triazole ( 7 ) is obtained, apparently by loss of 
amine from the triazoline precursor, as established by mass and nuclear 
magnetic resonance (NMR) spectra (70T3069). The amino substituent ap¬ 
pears to be a determining factor in diethyl malonate elimination from the 
initial Michael adduct to give the amidrazone intermediate 5. When di¬ 
ethyl malonate fails to leave, an amine fragment is lost and the resulting 
product is a pyrazole, as shown by NMR spectra (70T3069). The prefer¬ 
ential elimination of amine or malonate is attributed to the sp^ or sp^ char¬ 
acter of the amino nitrogen in the initial adduct, the sp^ nitrogen being a 
better leaving group (70T3069). 

C. Dihydroformazans. In Scheme 9, cycloisomerization of the di- 
hydroformazan compounds 8 leads to 5-hydroxytriazolines as the initial 
products; elimination of water yields the triazoles (77JHC1089). 

d. a-Aminoazo Compounds . Thermolysis of a-aminoazo com¬ 
pounds 9 to afford 1,2,4-triazoles 13 has been found to proceed via a 

I, 2,4-triazoline intermediate (12) (Scheme 10) (82CJC285). The reaction 
mechanism involves the tautomeric transformation of 9 to the amidrazone 
9a (65JCS3528; 82CJC285); the one-carbon fragment is provided by imine 

II, derived from the free radical 10 formed by thermal decomposition of 
9 (82CJC285; 83MI1). Amidrazone cyclization proceeds by elimination of 
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XOCEt 

RNHCH=C^ 

^COOEt 


”2«4 



ammonia, as shown in Scheme 10. Experimental evidence for the radical 
path rests on the failure of 9 to yield 13 in the presence of tert-butylcat- 
echol, a free radical inhibitor, and the quantitative conversion of 9 to 13 
in its absence (82CJC285). In addition, isolation and characterization of 
the stable 1,5-diaryltriazoline from the reaction of 9 with benzaldehyde 
provide proof for production of 9a. The role of imines as a one-carbon 
source in amidrazone cyclization is further demonstrated by triazole for- 
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N-N h"*" N-NH H+ _^N-NHC0R 


Me—CH-NH, + Ph + N„ 


Me-CH=N-H + PhH 




^N—NHPh 




_H N-NPh 

JL J<« 

Me'^N ^ Me 


(13) 


Scheme 10 
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mation, in high yield, in the reaction of 9 with iV-benzylidenemethylamine 
(82CJC285). The reaction sequence is similar to that of 9 with 11; instead 
of ammonia, methylamine is expelled. 

Likewise, in Scheme 11, ethyl thioimidate serves as the one-carbon 
source; the intermediate triazoline loses thiol to yield the triazole 
(79CCC1334). 



Scheme II 


e. Imidate-Hydrazine Interactions. Formation of minor 
amounts of dihydrotriazoles was first noticed during Pinner’s 1,2,4-tri¬ 
azole synthesis by reaction of imidates with hydrazine (1892MI1; 
1895CB465; 1897LA(297)221, 1897LA(298)1). The one-carbon fragment 
required for amidrazone cyclization was postulated to be formed from the 
slow decomposition of the alkaline solution of amidrazone by exposure 
to air (Scheme 12) (1897LA(297)221, 1897LA(298)1). 



Scheme 12 
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Because hydrazones are known to tautomerize to azo compounds in 
alkaline medium (65JCS3528), it may be more rational to interpret Pin¬ 
ner’s R—C(NH 2 )= fragment as a free radical similar to 10, arising from 
the azo tautomer (87UP1). The reaction time of 6-8 weeks required for 
triazoline separation from an alkaline solution of amidrazone at room 
temperature in the Pinner reaction (1897LA(297)221, 1897LA(298)1) is 
consistent with the 2 weeks required for the tautomeric transformation 
of an azo compound to hydrazone at ambient temperature in a nitrogen 
atmosphere (82CJC285). Apparently, the low yield of triazoline in the Pin¬ 
ner reaction results largely from oxidative decomposition of the amidra¬ 
zone due to extended exposure to air (83MI1). 

f. Hydrazino Heterocycles. Amidrazones, in which the imine 
moiety is an integral part of a heterocyclic ring system, react with alde¬ 
hydes and ketones to form fused-ring triazolines. The positioning of the 
hydrazono group on the carbon of the ring imine provides the requisite 
geometry for an intramolecular cycloisomerization by nucleophilic attack 
by the ring nitrogen on the alkylidene carbon of the hydrazono group. 
The reaction provides a useful route for the synthesis of different 3,4- 
fused triazoline ring systems. 

Piperidone hydrazone 14 in the presence of silica gel in refluxing ace¬ 
tone yields the bicyclic triazoline 15; while 14a requires 4.5 hr of reflux¬ 
ing, the more basic 14b affords the triazoline in 2.5 hr. In the absence of 
silica gel, more than 5 hr is needed to complete the reaction (76CPB3011). 



b, X = OCH^ (15) 


The hydrazonothiazole in Scheme 13 undergoes nitrosation with forma¬ 
tion of a triazoline. The open-chain tautomer is ruled out, based on the 
single methyl resonance in the NMR spectrum (Section III) and the fact 
that hydrolysis of the acetonylhydrazone does not occur in dilute hydro¬ 
chloric acid (Scheme 13) (78JHC401). 

Likewise, acylation of pyridazinylhydrazones 15a yields acylated dihy- 
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(15a) ( 15 b) 


R = Me^C, EtgCMe, Cl 
R^ = Me, CHgCOOGMe^ 

R^ = 2,6-(MeO)2CgH^, Me^CCHg, ClCHg. Me^N 

drotriazolopyridazines 15b, as confirmed by X-ray analysis (85CB5009). 

2-Methylhydrazino-1,4-benzodiazepine 17 reacts with acetaldehyde to 
yield the dihydrotriazolobenzodiazepine 18, along with a hydrazide, 19, 
suspected to be a secondary product from air oxidation of 18. The 1- 
methyl isomer (16), however, gives a Schiff base (20), similar to the one 
obtained in the Busch reaction (lOMIl) for triazoline synthesis (Scheme 
3) (79JOC2688). 

Condensation of unsubstituted 2-hydrazinobenzodiazepines with acetyl- 
acetone provides an efficient synthesis for 1-methyltriazolobenzodiaze- 
pines. A tricyclic triazoline is the postulated intermediate, in which the 
geometry is perfect for elimination of acetone by a cyclic mechanism. 
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With a cyclic diketone, triazole formation occurs with simultaneous ring 
opening of the cyclic ketone moiety (Scheme 14) (78JHC161). 

The cycloisomerization reaction of hydrazono heterocycles also pro¬ 
vides a route for the preparation of a number of dihydrotriazolobenzaze- 
pines (21) that show good anticonvulsant activity (83EUP72029). 

Fused-ring aminotriazolines are reported when hydrazino heterocycles 
are heated with excess dimethylformamide (DMF) in the presence of an 
acid. Amides, especially formamides, have proved particularly useful as 
a source of the one-carbon fragment in the synthesis of various nitrogen 
heterocycles (63JOC543). Thus, hydrazino derivatives of benzisothia- 
zoles cyclize with phosphorus oxychloride in DMF. The resulting tricy¬ 
clic aminotriazolines 22 and their physiologically acceptable salts are sta¬ 
ble and have been found to be useful as antiinflammatory agents 
(79USP4140693). 

Similarly, an aminotriazoline is the postulated intermediate in the reac¬ 
tion of hydrazinotriazinone with acetic acid and DMF, to give high yields 




Scheme 14 


of the triazolotriazinone (Scheme 15) (79JHC555). Protonation of the 
DMF oxygen has been established as the first step in the reaction mecha¬ 
nism (63JOC543). 

Spectroscopic studies have shown that protonation of hydrazonophtha- 
lazines occurs at the exocyclic nitrogen leading to formation of tricyclic 
cations; upon deprotonation, they revert back to the original hydrazones 
(Scheme 16) (80TL209). The cyclic structure of the cation has been con¬ 
firmed by x-ray diffraction (82KGS1100). 


g. Azo Heterocycles. The products from the reaction of 2,2'-azo- 
pyridines 23 and 2,2'-azoquinolines 24 with diphenyidiazomethane or di- 
azofluorene are fused-ring 1,2,4-triazolines (25-26); the structure was es- 
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R = halo, NO2 

= H, alkyl, 4-piperidyl, 

(CH2 )jjR^R^ (R%^ = H, alkyl, 
morphollno, piperidlno; n= 0 or 
= H; R^^ = =0 
r 3 = H, alkyl, Ph, pyridyl 
R^ = Ph, pyridyl 



( 22 ) 


R = H, alkanoyl or aroyl 
R^, R^ = alkyl 

R^ = H, halo, alkyl, alkoxy, NO2 

1) R^ = H, alkoxy, halo 
o 4 h 

R-^ = R , when R = H 


tablished from chemical and UV spectral data (Scheme 17) (67TL4337). 
Kinetic experiments indicate that the diazoalkanes react by a carbene 
mechanism (67TL4337). Diazomethane itself fails to yield a triazoline; 
the product has been identified as A'-formyl-2,2'-hydrazopyridine (29) 
(66JCS(C)78). 


HC-NfCHjg 


OH 

HC-N(CH^)2 



Reflux 12 hrs 


(- HgO) 


^ H , , 

N = G-N(CH3)2 

+ 

% IjH - H 





Scheme 15 
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= H; R^ = H, R^ = Me; R^ = R^ = Me; R^ = Me, 
R^ = Ph; R^ =* Me, R^ = CHrrCMeg 

Scheme 16 


2. Tautomeric Transformation of Amidrazonium Salts 

Hydrazones functionalized in the hydrazine fragment are capable, in 
principle, of ring-chain transformations as a result of intramolecular nu¬ 
cleophilic attack at the C=N bond (Scheme 18) (79MI1). Unlike acylhy- 
drazones, which exist only in the linear form, N'-alkylidene(arylidene) 
amidrazones, which may be considered nitrogenous analogues of acylhy- 
drazones, are capable of ring-chain tautomerism (81ZOR1825; 
82KGS1264, 82ZOR1613; 84KGS1415). In their free base form, they are 
not susceptible to tautomeric changes, and exist exclusively as the linear 
isomers (e.g., 35) (80ZOR942). Their salts, however, are capable of tauto¬ 
meric transition to the cyclic form (80KGS1138), and in solution exist as 
an equilibrium mixture with the respective dihydrotriazolium (triazolin- 
ium) compound (34A 34B) (81ZOR1825; 82KGS1264; 84KGS1415). 

NMR spectroscopic studies on ring-chain tautomeric systems have led 
to the elucidation of factors that determine the position of the equilibrium 
(77LA463 , 77LA485; 80KGS1138; 82KGS1264; 84KGS1415), and have 
provided new pathways for 1,2,4-triazoline synthesis (77LA463; 
84KGS1415). Unlike amidrazone cyclocondensation reactions, which 
yield A^-triazolines, tautomeric transformations of amidrazonium salts re¬ 
sult in A’-compounds. Previously these A’ ring systems were accessible 
only by 1,3-cycloaddition of azomethinimines to the C=N bond and of 
nitrile ylides to the N=N bond (Section II,B). 

a. -Alkylidene and Arylideneamidrazones . According to 
their ability to undergo ring-chain transitions, 1-alkylidene (arylidene) de¬ 
rivatives of amidrazonium salts occupy an intermediate position between 
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Scheme 17 
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acyl and thioacylhydrazones. Most important in determining their suscep¬ 
tibility to tautomeric transformations are structural factors. Variation of 
the electronic and steric properties of the substituents alters the tauto¬ 
meric equilibrium over a broad range (82KGS1264). 

Steric interactions of the substituents attached to the C—bond are 
of foremost importance. Thus acetamidrazone derivatives 30 exist exclu¬ 
sively in the linear form; they have an f£j-configuration relative to the 
C—bond, with no intramolecular hydrogen bonding. The unfavorable 
spatial orientation of the C—N' bond and of the amino group prevents 
ring-chain tautomerism {80KGS1138, 80ZOR942; 82KGS1264). 

In the crystalline state, salts of benzamidrazones (34A, R' = Ph, R^ = 
H) also exist in the linear form, but with a fixed (Z^configuration. In¬ 
creased steric interactions relative to the C—bond from phenyl substi¬ 
tution causes a syn orientation of N' and N\ stabilized by intramolecular 
hydrogen bonding (82KGS1264). In solution, a ring-chain tautomeric 
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equilibrium is established after 24 hr, as indicated by NMR spectroscopy. 
In DMSO-ds, isopropylidenebenzamidrazone hydrochloride exists 15% 
in the cyclic form (80KGS1138); replacement of the anion by iodide, 
trifluoro acetate, or picrate decreases the cyclic tautomer to 7% 
(82KGS1264). 

Alterations in the electronic and steric properties of substituents in the 
alkylidene fragment have virtually no effect on the position of the tauto¬ 
meric equilibrium. However, increasing the volume of the substituents 
enhances the shift toward the cyclic form, apparently due to the greater 
sensitivity of the linear tautomer to the increase in the total steric stresses 
in the molecule (84KGS1415). An aromatic substituent, on the other 
hand, stabilizes the linear form, due to conjugation with the C=N bond 
(84KGS1415). A single substituent on N* has no effect, but when 
is fully substituted, ring-chain tautomerism is no longer possible 
(82KGS1264). 

Introduction of a methyl group at has a decisive influence because 
the tautomeric equilibrium is extremely sensitive to steric interactions rel¬ 
ative to the C—bond (79MI1). A substituent on favors the cyclic 
form, which is the only form in the crystalline state and in freshly pre¬ 
pared solutions; in the absence of an substituent, the linear form pre¬ 
dominates (81ZOR1825; 82KGS1264; 84KGS1415). 

The tautomeric equilibrium is also solvent and temperature dependent. 
At room temperature, the linear form of 34B (R' = R^ = R’ = R" = CH,) 
amounts to 32% in DMF-<f 7 , 31% in DMSO-Jg, and 12% in CDCl,, as 
estimated from '^C-NMR spectral data (81ZOR1825). 

Knowledge of the basic principles underlying ring-chain tautomeric 
transformations has led to the successful synthesis of several alkyl-substi¬ 
tuted 1,2,4-triazolines (36a-c, Scheme 18) (84KGS1415). Triazolinium 
salts 34B may be obtained using different reaction paths for 34A, as 
shown in Scheme 18 (82KGS1264, 82ZOR1613; 84KGS1415). Neutraliza¬ 
tion of the respective salts (34B) enables the isolation of the free bases 
(36a-c). As the substituent on is a basic requirement for tautomeric 
transformation to the cyclic form, the 1,2,4-triazolines resulting from this 
reaction scheme are A’-compounds. They are stable to tautomeric 
changes in solution, although steric stresses caused by bulky substituents 
can induce rapid aromatization (e.g., 36d). This provides a useful route 
for the synthesis of 1-alkyl-1,2,4-triazoles (Scheme 18) (83S483; 
84KGS1415). 

b. Thiosemicarbazone S,S,S-Trioxides. Ring-chain tauto¬ 
merism between 2-(methyl)thiosemicarbazone- S,5,5-trioxides 37 and the 
respective 2-methyl-A^-l,2,4-triazolinium-3-sulfonates (38) is also depen- 
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dent on substituents, solvent, and temperature, analogous to the amidra- 
zonium salts (Scheme 19) (77LA463, 77LA485). The acyclic form (37) in¬ 
creases with increasing temperature, comprising more than 50% of the 
equilibrium mixture at temperatures above 100°C. Unlike the alkylidene- 
and arylideneamidrazones, N’ -substituents have an unfavorable steric 
effect; in DMSO solution at 37°C, with R’ = 2,6-diisopropylphenyl, there 
is only 48% of the cyclic form, and if this is combined with an isopropyli- 
dene substituent on N‘, the steric stresses in the molecule shift the equi¬ 
librium completely toward the acyclic form (77LA485). 

o2l^° 

<.) 

a, = H, = GH^ 

b, R^ a H, R^ = CH(CH^)2, = CH^ 

0, R^ = H, r 2 a C2H5 , r3= CH 2C6H5 

d, R^ a H, R^ = CH(CH^)2, R^ = CHgCgH^ 

e, R^ a R^ a CH^, r 5 a CHgCgH^ 

f, R^ a H, r 2 a CH^, r 3 a CgH^-2,6-(CH^)2 

g, R^ a H, r2 = C 2 H^, r3 = 

Scheme 19 

By appropriate selection of the thiosemicarbazones (37) and the reac¬ 
tion medium, complete transformation to the cyclic form can be achieved, 
as illustrated by the synthesis of A’-triazolinium-3-sulfonates (38a-g) 
(77LA463). 

3. Cyclization of Hydrazone Derivatives by Reagents 
Susceptible to Nucleophilic Attack 

Isothiosemicarbazones, diaminomethylenehydrazones (36JA800; 
37JA2077), and related compounds are polyfunctional nucleophiles 
(78BCJ1846, 78TL1295; 80BCJ3289). The internal nitrogen atom of the 


’N-C/-R* 


(38) 
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hydrazine fragment is considered to be a softer nucleophilic center than 
the more powerful terminal C-amino nitrogen (52JA2981). Reagents sus¬ 
ceptible to nucleophilic attack by the terminal nitrogen have been found 
to induce cyclization of isothiosemicarbazones and other hydrazones, un¬ 
der mild reaction conditions, to afford 1,2,4-triazolines in excellent yield. 
The effectiveness of various agents to initiate cyclization and the possible 
mechanistic routes of reaction have been investigated in detail. 

a. Cyclizations Induced by Ethoxymethylenemalononitrile 
and Ethoxymethylene Cyanoacetate. i. Isothiosemicar¬ 
bazones. Cyclization of isothiosemicarbazones of aldehydes and ke¬ 
tones, unsubstituted on the terminal amino nitrogen (39), has been studied 
at length. Both ethoxymethylenemalononitrile (40, R" = CN) and ethoxy¬ 
methylene cyanoacetate (40, R"* = COOEt) are effective cyclization 
agents and provide a route for the one-step synthesis of novel dihydrotri- 
azolopyrimidines (43) in moderate to high yield (Scheme 20) (81BCJ1767, 
81JOC3956). Unambiguous product identification is effected using chemi¬ 
cal and spectroscopic data. The triazolines derived from aldehyde isothio¬ 
semicarbazones (43, R^ = H) are highly prone to oxidation; the even 
more susceptible dihydrotriazolopyrimidine-8-carboxylates (43, R^ = H, 
R'* = COOEt) undergo spontaneous oxidation during reaction to give tri- 
azolopyrimidines (44, R'* == COOEt). No triazolines are found in the cycli¬ 
zation products; they comprise the triazoles along with 4-aminopyrimi- 
dine-5-carboxylates (46), competitively formed from 41 by elimination of 
benzonitriles. 

The cyclization mechanism involves the intermediacy of 41 and not 45; 
ring closure of 45 to 43 is not favored (76CC734, 76CC736). The interme¬ 
diate 41 cannot be isolated when R'* = CN (81BCJ1767); however, when 
R'* = COOEt, intramolecular hydrogen bonding between the terminal 
amino hydrogen and the carbonyl oxygen results in a stable conformation 
that permits isolation of 41 (81JOC3956). Ring closure of 41 to 43 occurs 
by an intramolecular cycloaddition rather than a stepwise nucleophilic 
addition involving 45; a 10-eIectron cyclic transition state (42) has been 
suggested based on spectroscopic evidence for the interconversion of 41 
and 43, a reversible process associated with hydrogen shift, similar to an 
electrocyclic reaction (81JOC3956). 

ii. Diaminomethylenehydrazones . Dihydrotriazolo[l,5-c]- 
pyrimidines with a 5-amino substituent (43a) are obtained from ethoxy- 
methylenemalononitrile-induced cyclization of diaminomethylenehydra¬ 
zones (39a) (36JA800; 37JA2077; 85CPB2678). 

The smaller unsubstituted N’ atom in 39a corresponds to the sulfur in 
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Scheme 20 
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(44a) (43a) 

= aryl, = H or alkyl, R^ = R^ = CH^ or R%^ = (^2)^^ 

39; N‘'-monosubstituted hydrazones were the most reactive, independent 
of the steric or electronic nature of the substituent group. An electro- 
cyclic reaction mechanism, similar to the one operating in the isothiosemi- 
carbazone cyclization (81JOC3956), has been proposed for conversion of 
41a to 43a (85CPB2678). No intermediate analogous to 45 has been de¬ 
tected (85CPB2678). 

b. Isocyanate- and Isothiocyanate-Induced Cyclizations. 
Isocyanate- and isothiocyanate-initiated cyclization reactions of isothio- 
semicarbazones provide a novel route for the synthesis of both mono- 
and bicyclic triazolines in excellent yield (84ABC2913, 84JOC1703). The 
reactions are characterized as inter- and intramolecular double additions 
(84JOC1703). When a phenyl or tert-butyl group is present in either re¬ 
agent, the isothiosemicarbazones and isocyanates in Scheme 21 react at 
room temperature overnight to yield 1,2,4-triazolines 47. In the absence 
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sue 

^C=N—N'^ NHR + R*_N=C=0 

Me^ 



(^8) 



N- 

A>5: 

I 

R 

( 47 ) 


R = Mei Ph 

R'= Mei iso-Pr; t-Bu; Ph 

Scheme 21 


of a phenyl group, the products are acyclic (48); triazolines are obtained 
only when the reaction mixture is heated at 140°C for 5 hr in a sealed 
tube. At high temperature, the acyclic products yield triazolines by either 
a simple isomeric cyclization or by thermodynamic control of the reverse 
reaction to yield the more stable cyclic products 47. Triazoline formation 
is confirmed by the singlet signal for the gem-methyl groups in the NMR 
spectra (84JOC1703). 

Scheme 22 gives the results of isothiocyanate- and isocyanate-induced 
cyclizations of terminal N-methoxycarbonyl-substituted isothiosemicar- 
bazones (84JOC1703). Transformation to the fused ring system (51) is 
achieved through cyclization with l,r-carbonyldiimidazole, as estab¬ 
lished by spectroscopic data and single-crystal X-ray structure determina¬ 
tion (84ABC2913). Several of the fused triazoline compounds 51 are re¬ 
ported to show considerable antifungal activity against rice blast disease, 
which increases with increasing bulk of the R substituent (84ABC2913; 
85JAP(K)60172983). 
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EtOgC-NCS 
CHCl^, 24 hr 


Tetrahydrofuran 
R-T.. RNCO _: 


N-N—CONHR 

HeS^N'^e 

I 

COCMe 

Yields,> 85^(49) 

l^NaOH.MeOH 


N-N-CSNHCOpEt 

11 Lkb 

(49b) 


=\ 


jL jUwe 

Quantitative yield (49a) 



(50) Yield, 93? 


E = He, X = 0 or Si 
R => Ph, X = 0 





(51A) 


Scheme 22 


c. Rearrangement of O-Acetyl Derivatives ofl ,2-Hydroxyl- 
aminohydrazones and Thiosemicarbazones . Acetic anhydride 
acylation of phenylhydrazone, semicarbazone, and thiosemicarbazones 
containing a hydroxylamino group at a tertiary carbon atom leads to prod¬ 
ucts of 0-acylation at the hydroxylamino group. These products undergo 
base-catalyzed rearrangement to form 4,5-dihydro-l,2,4-triazoles. An 
aziridine intermediate is proposed with subsequent cleavage of the —C’ 
bond and formation of the R^N—C’ bond (Scheme 22A) (86KGS352). 
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R^NHNH2 

-> R—C—C-NHOH 

r2hNN CH^ 


Ac20 


l"3 

R—- C - NHOCOCH^ > 
R^HNN CH^ 




“3 


R^ = Ph, Me or Et 
R^ = Ph, CONHg or CSNHg 


Scheme 22A 



B. 1,3-Dipolar Cycloaddition Reactions 

1.3- Dipolar cycloaddition is a fruitful synthetic pathway for the prepa¬ 
ration of five-membered heterocyclic ring systems (64MII; 84MI1, 
84MI2). A 1,3-dipole is a species represented by a zwitterionic octet 
structure and undergoes a 1,3-cycloaddition to a multiple-bond system, 
the “dipolarophile”, the formal charges being lost in the [3 -I- 2 ^ 5] 
cycloaddition (63AG(E)565, 63AG(E)633; 68AG(E)321, 68JOC229I). Nu¬ 
merous variations are available by changing the structure of both the di¬ 
polarophile and dipole. The concerted mechanism of the 1,3-cycloaddi¬ 
tion reaction has been studied extensively and is relatively well 
understood (76JOC403; 84MI1,84MI2). Molecular orbital models are also 
valuable aids in understanding the reactivity, regioselectivity, and stereo¬ 
specificity phenomena of cycloaddition reactions and in predicting reac¬ 
tivities and product identities for addend pairs (76MI1; 84MII, 84MI2). 

1.3- Cycloaddition reactions provide useful routes for the synthesis of 
both A^- and A^-l,2,4-triazolines, the 1,3-dipoles contributing to three of 
the five members in the ring framework. The nitrilium betaines, nitril- 
imines, and nitrile ylides, analogous to the diazonium betaines, diazoal¬ 
kanes, and azides in 1,2,3-triazoline synthesis (84AHC2I7), are of the 
octet-stabilized propargyl-allenyl type (76JOC403; 84MI1), while azo- 
methine ylides and azomethinimines are of the allyl type (84MI1). Nitril- 



198 


PANKAJA K. KADABA 


[Sec. II.B 


imines and azomethine ylides lead to A^-l,2,4-triazolines; nitrile ylides 
and azomethinimines yield the A^-isomers. 

1. Nitrilimine Addition to Carbon-Nitrogen Double Bonds 

A nitrilimine is commonly represented by the all-octet resonance struc¬ 
tures 52a and 52b (84MI1). Nitrilimine chemistry 

CSN-N^ -C=N=N>. 

(52a) (52b) 

has been reviewed (70CI(L)1216; 72RCR495 ; 80JHC833; 84MI1). The 
parent nitrilimine has been described under the name of isodiazomethane 
(34LA264), but no cycloadditions of this compound are known (68LA72, 
68LA87). 

Nitrilimines are unstable 1,3-dipoles, which are usually generated in 
situ by dehydrohalogenation of hydrazidoyl chlorides (64MI1; 80JHC833; 
84MI1) or bromides (73T121; 83T129) under mild conditions by the action 
of tertiary bases (62T3). A benzene solution of the hydrazidoyl chloride 
and imine is treated with EtjN and then refluxed after complete precipita¬ 
tion of the EtjN-HCl (80JHC833). In the absence of dipolarophiles, dimer¬ 
ization to dihydrotetrazine occurs (61CB2503; 65CB1476). 

High-temperature thermal elimination of nitrogen from 2,5-disubsti- 
tuted tetrazoles also provides a route for the preparation of reactive nitril¬ 
imines in situ (61CB2503 ; 62T3; 64CB1085), although drastic reaction 
conditions make it less desirable. 

Procedures have been developed for the generation of functionalized 
nitrilimines (75CJC3782); besides the commonly used diarylnitrilimines 
and C-acyl- and C-alkoxycarbonyl-N-arylnitrilimines, representatives of 
C-alkyl-N-aryl (72JCS(P2)44; 76IJC(B)425), C-aryl-N-alkyl (84CB1194), 
C-phenylazo-N-aryl (67M1618), C-aryl-N-arylsulfonyl (80T1565), and 
even the simple C-unsubstituted N-arylnitrilimines (76ZOR1676) have 
been generated from hydrazidoyl halides. 

The cycloaddition of nitrilimines to the C=N double bond proceeds ex¬ 
clusively in a direction where only carbon-hetero bonds are formed in 
preference to hetero-hetero bonds, leading to A^-l,2,4-triazolines 
(84MI1). In terms of the general molecular orbital perturbation theory 
(PMO) (71TL2717; 74PAC569), nitrilimines are type II 1,3-dipoles and 
their cycloadditions are highest occupied (HO)-lowest unoccupied (LU) 
(dipole) controlled. Both electron-donating (donor) and electron-with- 
drawing (acceptor) substituents increase the HO (LU) control, relative 
to the unsubstituted dipoles. The higher electronegativity of the nitrogen 
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allows the HOMO (dipole)-LUMO (dipolarophile) interaction to domi¬ 
nate. The large HOMO coefficient of diphenylnitrilimine at the nitrogen 
atom overlaps with the carbon atom of the LUMO (dipolarophile) 
(Scheme 23). 


R-G= 


(X = 


:N-NH-R^ 

Cl or Br) 
Et^N, 
Benzene 



-> 



Scheme 23 


a. Acyclic C=N Bonds, i. C=N Bonds in Schiff bases and 
related compounds. The dipolarophilic character of the C=N bond 
is considerably more pronounced than that of the C=0 bond; while ace¬ 
tone itself fails to add diphenylnitrilimine, acetone-)V-isopropylimine re¬ 
acts with ease to give 84% of the 1,2,4-triazoline adduct (64CB1085). 

Diphenylnitrilimine has been investigated extensively; it undergoes 
cycloaddition to the C=N bond in aromatic, aliphatic, and heterocyclic 
Schiff bases to give good to excellent yields of various tetrasubstituted 
triazolines (53) (64CB1085; 66USP3278545). Cycloaddition to oximes, hy- 
drazones, and imidates yields unstable triazolines 54-56 that aromatize 
spontaneously (65CB642). 

R « R^ a Ph 


N-NPh 

R = Ph, R^ a 2-Furyl 
R = Me or PhCH^, R^ = 

Ph or 2-Furj 

R 

(53) 

N -NPh 

R a n-Bu, R^ a Me 

N-NPh 

N-NPh 


PhA N 

Ph^N^R 

1 

OH 

NHR 

H 

(54) 

(55) 

(56) 
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Unsymmetrical amidines can afford two cycloaddition products result¬ 
ing from the two tautomeric forms; in addition, the hydrazidoyl chloride 
used for in situ generation of methoxycarbonylnitrilimine undergoes a nu¬ 
cleophilic attack on its carbon by the more basic amidinic nitrogen leading 
to imidazolinone substitution products. Although cycloaddition is the ma¬ 
jor reaction path in the case of N-aryl-substituted benzamidines, unsub¬ 
stituted benzamidines favor substitution (Scheme 24) (80JHC311). 



Ar 


Scheme 24 


Reaction of A^-(phenylsuIfonyl)benzhydrazidoyl chloride, which fails to 
yield a 1,3-dipole, with N-substituted benzamidines is postulated to pro¬ 
ceed via an intermediate formed by nucleophilic attack of the hydrazidoyl 
carbon by the more basic imino nitrogen of the amidine. Intramolecular 
cyclization of the intermediate yields a triazoline; loss of amino or phenyl- 
sulfonyl moieties from the latter leads to triazoles as final reaction prod¬ 
ucts (Scheme 24A) (77BCJ2%9). 
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Ph— 


C=NR 

NHR- 


Ph—C=NR' 
NHR 


Ph—C=NNHS02Ph 
Cl 


1 

Ph—C—N—C—Ph 
II II 

R—N NNHSOzPh 


1 

Ph—C—N—C—Ph 
II II 

R-N NNHSOzPh 



Scheme 24A 


C-Benzoylimines, however, yield stable 5-benzoyl-l,2,4-triazolines 
(Scheme 25) (85MI1). 


R 

PhCO-C=N-R’ 


PhCS 


•WPh 


R* 


R = R' = Ph 

R = H, R* =« alkyl, cyoloalkyl, Ph 
Scheme 25 

Triazolines functionalized in the 3-position with an alkyl (76IJC(B)425; 
82JHC1573; 83JIC961), acetyl, or alkoxycarbonyl group (69G69; 83T129) 
result by reaction of the appropriate C-substituted 7V-phenylnitrilimines 
with aliphatic or aromatic Schiff bases. However, 7V-phenyl formamidox- 
ime yields the triazole AT-oxide (57) (65CB642). 


EtOOG 



(57) 
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Diphenylnitrilimine, generated in situ by thermolysis of 2,5-diphenyl- 
tetrazole, reacts with benzaldehydeazine to give triazole 59 and triazol¬ 
ine 60 via decomposition of the mono- and bisadducts under the high- 
temperature reaction conditions (Scheme 26) (65CB642). However, when 
the dipole is generated at room temperature from hydrazidoyl chloride 
and triethylamine, the azine reacts to give high yield of stable 
4-benzylideneamino-l,2,4-triazolines 58 (84ZOR659). Stable cycload¬ 
ducts 61 are also the preferred products in the reaction of azines with C- 
acetyl-A[-arylnitrilimines; no (4 -l- 3)- or “criss-cross”-type products are 
observed (85H1123). 



(60) 


Scheme 26 



( 61 ) 


= Ar, = Me 

r 1 =, 2-furyl, R^ = Me or EtO 
R^ = 2-thienyl, R^ = Me 


ii. Conjugated C=N bonds. Site specificity in favor of the C=N 
bond is observed in the reaction of nitrilimines with conjugated imines, 
the reaction across the C=C bond being minor (84H549). Thus, 1-azabuta- 
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dienes provide good building blocks for the synthesis of 5-alkenyltriazo- 
lines 62 in good to excellent yield (Scheme 27) (69CC387; 83IJC(B)1244; 
84H549, 84JCR(S)56), although when R = Me and R* = t-Bu, the aza- 
diene affords only the triazole (84H549). 

Site-specific addition of diphenylnitrilimine to the C;=N bond in 8-aza- 
heptafulvenes yields intermediate spirotriazolines, which rearrange to 
isomeric triazine derivatives. Proof is provided by triazine formation from 
an independently generated spirotriazoline sample, as shown in Scheme 
28 (79CSC341; 80T935). 



Scheme 28 


Fe(G0)3 
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iii. Cumulated C=N bonds. Nitrilimine addition to carbodiim- 
ides follows the same orientation as that observed in addition reactions 
with imines. However, the cumulated bond system of the carbodiimide is 
an inferior acceptor relative to the guanidine group of the monoadduct 
63; the isolated products are thus the spiro-l,2,4-triazoline bisadducts 64 
(65CB2174). 


N-NR 

r2 

(63) (64) 

A^-Phenylcyanamide reacts via its tautomeric A^-phenylcarbodiimide 
form and adds C-carbethoxy-AT-phenylnitrilimine on the Ph—^N=C double 
bond (65CB2185). 

iv. Exocyclic C==N bonds. Spirotriazoline adducts result by ni¬ 
trilimine addition to exocyclic C=N bonds [Scheme 28 and formation of 
(64) from (63)]. Reaction of nitrilimine with phthalazinonehydrazone 
leads to phthalazine-1-spirotriazoline 65, along with 66; the structure of 65 
has been confirmed by X-ray crystallography (Scheme 29) (83ZOR1069). 




b. Cyclic C=N Bonds. The C=N bond, which is an integral part of 
several N-hetero ring systems, has been found to evidence dipolarophilic 
activity in cycloaddition reactions. Nitrilimine addition provides a prom¬ 
ising route for the direct synthesis of several 4,5-annulated 1,2,4-triazo- 
line ring systems, which would be tedious to synthesize by other meth- 
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ods. The reaction is complimentary to the cycloisomerization of 
hydrazono heterocycles to yield 3,4-fused triazolines (Section II,A,l,f)- 

i. Pyridines, quinolines, and isoquinolines. The products 
from reaction of hydrazidoyl chlorides with heterocyclic bases such as 
pyridine, quinoline, or isoquinoline are determined by the reaction condi¬ 
tions and reagents used. At low temperature (bO-TO'C), C-alkoxycarbo- 
nyl-iV-phenylhydrazidoyl chloride undergoes nucleophilic attack at the 
carbon to give betaines 67 (36LA173; 37MI1); at higher temperature 
(160-180°C), a complex series of reactions leads to the eventual formation 
of N-arylcyanamides 68 (67TL3071; 68G511). In the presence of triethyl- 
amine, the product is a triazoline (69), presumably formed by cycloaddi¬ 
tion of the nitrilimine, generated in situ, to the C=N bond of the hetero¬ 
cycle (67TL3071; 68G511). 



(6?) (68) (69) 


Hydrazidoyl chloridds^ bearing strong electron-withdrawing N-phenyl- 
sulfonyl groups, from which nitrilimines cannot be generated, yield tria¬ 
zolines by 1,5-dipolar cyclization of the intermediate betaines (Scheme 
29A) (80JHC833). The triazolines from both quinoline and isoquinoline 
aromatize on heating, and provide a simple route for the synthesis of 
1,2,4-triazoloquinoline and -isoquinoline. The pyridinium betaine, how¬ 
ever, fails to cyclize. The aromatic stabilization provided by the fused 
benzene ring in the quinoline and isoquinoline systems facilitates betaine 
cyclization to the respective triazolines; in the pyridinium intermediate 
aromatic stabilization will be lost upon cyclization (80BCJ2007). A-(Phe- 
nylsulfonyObenzhydrazidoyl chlorides react with cyclic amidines such as 
2-aminopyridines and -pyrimidines in reactions analogous to those with 
benzamidines (77BCJ2969) (Section II,B,l,a,i, Scheme 24A). 

Dimesitylnitrilimine, on the other hand, reacts with pyridine as well as 
quinoline or isoquinoline to form stable cyclic 1:1 adducts 70 (69LA91). 

^ By analogy to imidoyl chlorides, RC(C1^NR', which are considered to be derivatives 
of the corresponding imidoic acids RC(OH)=NR', the compounds RC(C1)=NNHR' are 
named hydrazidoyl chlorides of their corresponding hydrazidoic acids RC(OH)=NNHR' 
(80JHC833). 
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Scheme 29A 


Likewise, cycloaddition of diphenylnitrilimine to the C=N bond in dihy- 
droisoquinoline yields 71 (85AP556). 



CH3 

(70) (71) 


ii. Pyrroles and pyrrolines. The addition reaction of C-acetyl- 
A^-phenylnitrilimine to pyrroles has been investigated (78JHC1485). In 
addition to the electrophilic 2-substitution product of pyrrole, 1,3-cyclo¬ 
addition to the initially formed pyrroline monoadducts yields several 
bisadducts; two of the products (72 and 73) possess 1,2,4-triazoline struc¬ 
tures as revealed by NMR spectroscopy (Scheme 30). 
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(72) (73) 

Scheme 30 


Similar cycloaddition reactions of diphenylnitrilimine with pyrrolines 
and benzopyrroles yield variously substituted fused-ring triazolines 74 
and 75 (85AP556). 



iii. Imidazoles and benzimidazoles . Reactions of diphenyl¬ 
nitrilimine with imidazoles, benzimidazoles, and 1-alkyl- and 1-acylbenz- 
imidazoles have been studied. Interestingly, cycloaddition products 76 
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are isolated in moderate yield only from 1-acylbenzimidazoles (85H2183). 
In the other cases, nucleophilic substitution at the hydrazidoyl carbon is 
the prevailing reaction affording 77. Unlike earlier methods of synthesis 
(69CB1028; 82JCS(P1)2663), this cycloaddition affords 76 in a single-step 
reaction. 


-S-Q-y 


(77) R = CH^ or Ph 

iv. Benzoxazines. The reactivity of the carbon-nitrogen double 
bond of benzoxazines 78 and 79 has been tested using diarylnitrilimines 
(86JCR(S)200). While a single cycloadduct (80) is obtained from 78, two 
diastereoisomeric cycloadducts (81 and 82) in almost equimolar amounts 
result from 79. 



(80) (81) (82) 


V. Norbornane/ene-fused dihydro-1,3- and 3,1-oxazines. 
Diphenylnitrilimine (DPNl) cycloaddition to the C=N bond of norbor- 
nane-fused dihydro-3,1- and 1,3-oxazines 83-85 leads to tetracyclic ox- 
azino-l,2,4-triazolines 86-88. The stereostructures of the adducts have 
been elucidated by NMR spectroscopy. No cycloadducts could be iso¬ 
lated from the norbornene-fused dihydrooxazines (87T1931). 
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vi. Benzothiazines. The dipolarophilic activity of the carbon-ni¬ 
trogen double bond in benzothiazines 89 and 90 has been investigated 
using diaryl- and C-alkoxycarbonyl-N-arylnitrilimines. The cycloaddition 
reaction proceeds smoothly to give excellent yields of dihydrotriazolo- 
benzothiazines 91 and 92 (84H537). 



(91) (92) 

R = Aryl 

R^ = Aryl, COOEt or GONHPh 
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vii. Benzodiazepines. 1,3-Dipolar cycloaddition of suitable C- 
phenyl-Af-arylnitrilimines to the C=N bond of the 1,4-benzodiazepine 
ring (93) permits synthesis of novel annulated 1,4-benzodiazepines (94). 
The additional triazoline nucleus dramatically reduces the conformational 
mobility of the seven-membered ring (85H2051), which may have interest¬ 
ing implications in relation to the pharmacological activity of the benzo¬ 
diazepines. 



(93) (94) 

R => H *r CH^ 

X = or 0 

Similarly, cycloaddition of nitrilimines to 1,5-benzodiazepines 95 and 
96 leads to good yields of previously unknown fused ring systems 97 and 
98 (Scheme 31) (86S230). 




Scheme 31 
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2. Nitrile Ylide Addition to Azo Compounds 

Nitrile ylides are represented by the resonance structures 99a and 99b, 
specifically named 2-azonia-l-allenide and 2-azonia-l-propynide, respec¬ 
tively, according to lUPAC rules (84MI1). Compared to nitrilimines, ni- 


R 



(99 a) ( 99 t>) 

trile ylides are less stable and hence more reactive; like nitrilimines, they 
are usually generated in situ in the presence of the dipolarophile (76MI2; 
77H143; 84MI1). 

Dehydrochlorination of N-(4-nitrobenzyI)benzimidoyl chloride in the 
presence of triethylamine provided the first route to a nitrile ylide 
(62AG(E)50; 72CB1258, 72CB1279, 72CB1307). Other methods of gener¬ 
ating the dipole include thermal cycloelimination of carbon dioxide 
(71CB3816) or of alkyl phosphates (71 AG(E)728,71 AG(E)729; 72CB3814 ; 
73CB3421) at 140°C from oxazolin-5-ones and oxazaphospholines, re¬ 
spectively; thiazaphospholines lose alkyl thiophosphate at room tempera¬ 
ture (78MI1). However, photochemically induced electrocyclic ring open¬ 
ing of 2/f-azirines or their precursors is the most important method for 
nitrile ylide generation (72HCA745; 75S483; 76JA1048; 84HCA534). 

Frontier MO calculations for structures 99a and 99b (76JA6397; 
77JA385; 79MI2) indicate that the bent structure 99a is energetically more 
favorable than the linear structure 99b and that the HOMO/LUMO dis¬ 
tance is independent of the nature of substituents at the nitrile carbon 
atom. When R = H, alkyl, aryl, aryloxy, alkoxy, or dialkylamino and R' 
and R^ = H, alkyl, or aryl, the bent structure has the greatest HOMO 
coefficient at C-1; thus cycloadditions of these nitrile ylides with strongly 
polarized multiple bonds are HOMO (dipole)-LUMO (dipolarophile) con¬ 
trolled interactions and are highly regioselective as in type I dipoles. 
However, one or two trifluoromethyl substituents on the ylide carbon fa¬ 
vor the linear structure 99b; reactivity then becomes more closely related 
to type II dipoles such as nitrilimines, and in cycloaddition reactions both 
regioisomeric cycloadducts are obtained (84HCA534, 84MI1). 

The full synthetic potential of nitrile ylides in 1,2,4-triazoline synthesis 
has not yet been explored; the few available studies are confined to reac¬ 
tions with symmetrical dipolarophiles. Substituent effects of unsymmetri- 
cal dipolarophiles on the regiochemistry of triazoline formation are not 
known. 
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Azo compounds undergo facile addition to nitrile ylides; the symmetri¬ 
cally disposed diethyl azodicarboxylate cycloadds to a variety of nitrile 
ylides to give good yields of A*-l,2,4-triazoline-l,2,-dicarboxylates 
(Scheme 32) (74HCA1382; 80H929). The A*-compounds can easily be sa¬ 
ponified and decarboxylated to give the A^-triazoline-l-carboxylates or 
the 1,2,4-triazoles by concomitant dehydrogenation (74HCA1382). 



R = Ph, R 
R = Ph, R^ 




^COOEt 



<0.4M KOH 
R^ f Ph 


EtOOC^ ^GOOEt 

_N-N 

EtO_C-N=N-CO„Et ^ I I -R^ 



R = Ph, R^ = H, R^ = GH_i 
12 ^ 
R = Ph, R = R = H 


N-NH 


Scheme 32 

Nitrilio hexafluoro-2-propynides, generated from oxazaphospholines, 
have been trapped using dimethylazodicarboxylate (73CB3421) or azo¬ 
benzenes (77ZN(B)607) (Scheme 33); the ylide can also be captured by 
the azo bond in benzo[c]cinnoline (81JHC247) to give 100. 

Functionalization at C-7 of cephalosporin has been achieved via the C-7 
nitrile ylide intermediate; spirotriazoline 101 is obtained by reaction with 
ethylazodicarboxylate. A strong organic base such as 1,5-diazabi- 
cyclo[4,3,0]nonane (DBN) is required for nitrile ylide generation from the 
imidoyl chloride, which causes double bond isomerization of the A’- to 
the A'-compound (Scheme 34) (76TL1303; 77GEP152193); EtjN is not ef¬ 
fective because the hydrogen atoms at C-7 are not sufficiently acidic to 
effect dehydrochlorination (62AG(E)50). 
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p-H^CPh, or p-ClPh 

(100) = Ph, R = C(CH^)^, Ph, 


p-H^CPh, p-ClPh, or p-FPh 

Scheme 33 



EtOgC-NrN-COgEt 

w 



(lOl) 38 % yield 


Scheme 34 
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3. Azomethinimine-Nitrile Interactions 

Azomethinimines are better represented by their octet structures 102a 
and 102b, which clearly show the allyl anion stabilization of these 1,3- 
dipoles; the sextet structures 102c and 102d contribute little to the elec¬ 
tron distribution of the resonance hybrid (84MI1). Resonance formula 
102a is more important as a result of the higher charge density at the 
nitrogen relative to carbon. 

^C=N-fi— <—> >C-N=N- ■<—> >C-N-N— >C-N-N- 

I •* •* I 

abed 


( 102 ) 

Azomethinimines are type IIHO-LU 1,3-dipoles, and resemble phenyl 
azides in their bidirectional behavior, although their cycloadditions are 
several orders of magnitude faster and the range of applicable dipolaro- 
philes is larger (84MI1). In general, azomethinimines are too reactive to 
be isolated in pure form. Although stabilization of the negative charge on 
the nitrogen (102a) can be achieved by electron-withdrawing substituents 
(77CB500), this also reduces the charge density and the reactivity of the 
dipole (63CPB781, 63CPB1089; 73JA7287). Often, they are generated in 
situ and trapped with a dipolarophile (84MI1); cycloaddition to nitriles 
yields A*-l,2,4-triazolines. 

Azomethinimine dipoles could be noncyclic and not an integral part of 
a heterocyclic ring system, or of the cyclic type that are more or less 
integrated into a heterocyclic framework. The cyclic dipoles provide 
routes for the synthesis of a variety of annotated triazoline ring systems. 

a. C-Aryl-N,N'-dialkylazomethinimines. Condensation of al¬ 
dehydes with N,N'-disubstituted hydrazines is a frequently employed 
method for generating azomethinimines 103. As a rule, the condensation 
products are hexahydrotetrazines 104; these are “head-to-tail” dimers of 
the respective azomethinimines and provide a convenient stable source 
of the dipole (Scheme 35) (63AG604; 65AG(E)701,65JOC74; 77AG(E)10). 

Isolation of the hexahydrotetrazine is not essential. The 1,2,4-triazoline 
adduct may be formed directly by heating all three components—aro¬ 
matic aldehyde, dimethylhydrazine, and dipolarophile. However, side re¬ 
actions become more pronounced in this procedure and poor yields of 
triazolines often result. 
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^ Dimerization 



(104) 


Scheme 35 


b. 3,4-Dihydroisoquinolinium-N-imides. Removal of the hy- 
drazone proton in 105 by a base such as triethylamine or pyridine (or an 
excess of the hydrazine component, if R = H or alkyl) generates the 
deep-colored dihydroisoquinolinium-A^-imide system (106). The dipole is 
not isolable, but displays extraordinary 1,3-dipolar activity (60AG416) 
and undergoes facile in situ additions. 

In the absence of dipolarophiles, dimerization occurs, and yellow crys¬ 
tals of the hexahydrotetrazine derivative 107 precipitate in a few seconds 
(58CB1495). Solutions of 107 exhibit, reversible thermochromism above 
60°C, due to dissociation to the monomeric azomethinimine 106. Like¬ 
wise, the alcohol adduct 108 also serves as a stable, convenient, neutral 
source of the dipole at moderate temperature (Scheme 36) (62AG491; 
84MI1). Most cycloadditions are usually carried out in an inert solvent at 
reflux temperature; the end of the reaction can often be recognized by 
the disappearance of the typical deep color associated with the dipole. 
Cycloadditions of azomethinimines are distinguished by the mild reaction 
conditions and the absence of side products (84MI1). 

Although nitriles are highly inferior to azomethines as dipolarophiles, 
useful yields of dihydrotriazoloisoquinolines (109) are obtained by reac¬ 
tion of the methanol adduct (108) with aryl nitriles. Acetonitrile and anal¬ 
ogous alkyl cyanides do not yield cycloadducts, but thiocyanates are su¬ 
perior to nitriles (Scheme 36) (62AG491). 
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C. Heteroaromatic N-Imides. In this class of azomethinimines, 
the formal C=N bond of the 1,3-dipole is incorporated into a heteroaro¬ 
matic ring system. Cycloaddition to a dipolarophile is accompanied by 
loss of aromaticity in the nitrogenous ring, which reduces the 1,3-activity 
as well as the stability of the triazoline adduct (77LA498, 77LA506). 
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Pyridinium-N-(imidoyl)imides 110, prepared from the base-catalyzed 
reaction of N-aminopyridinium salts and N-ethoxycarbonyl imidates, un¬ 
dergo initial intramolecular cycloaddition in refluxing xylene to afford un¬ 
stable triazoline intermediates 111, which rearomatize to triazoles in a 
second step (77JOC443). 



(no) (111) 


Likewise, the fused-ring triazoline adducts 112, obtained from 1-meth- 
yl-l,2,4-triazolium-4-(acyl)imides and propiolic ester, undergo rupture at 
the N—N or C—N bond to yield triazole or pyrazole compounds (Scheme 
37) (76CPB2568). 



Scheme 37 


With aromatic isothiocyanates, triazolium-4-(acetyl)imide displays 
both 1,3- and 1,5-dipolar activity, depending on reaction conditions, 
mainly solvent polarity. In nonpolar solvents such as benzene, concerted 
1,3-additions occur across both the C=N (113) and C=S (114) bonds of the 
isothiocyanate (84CCC17I3); this is unlike the reaction of isothiocyanates 
with azomethinimines of the dihydroisoquinoline series, in which 1,3-ad- 
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dition is confined to the C=N bond (60AG416; 62AG292). In the polar 
solvent DMF, the dipole acts in its extended 1,5-dipolar form and step¬ 
wise addition leads to a single product (Scheme 38). Although theoreti¬ 
cally a 1,5-dipole should be less stable than a 1,3-dipole, it is suggested 
that charge delocalization on both ends of the triazolium betaine lessens 
the energy requirements for stabilization of the 1,5-dipole. Thus, even in 
nonpolar chloroform, the triazolium betaine reacts with phenyl isocya¬ 
nate in its extended form (69JPR897). 

Novel 1,2,4-triazolines 114a have been identified as characteristic pho¬ 
toproducts of the dimeric form of quinazolinium-A-acylimides, when the 




R = CMgPh 


Scheme 38 
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latter are irradiated in acetone in which substantial amounts of dimer are 
present (Scheme 38A) (83JCS(P1)2003). The triazoline structure is estab¬ 
lished by X-ray diffraction (83JCS(P1)2003). 





(114 a) 


d. N-^-Cyanoazomethinimines. The relatively stable, but re¬ 
active, brightly colored azomethinimines 115 are obtained by treating aro¬ 
matic diazo cyanides with diaryidiazoalkanes (60TL1; 77CB500). The 
readily accessible prototype 115a does not react with arylnitriles 
(77CB571); the fluorenyl residue and the cyanamide system provide such 
good stabilization for the positive and negative charges, respectively, that 
this azomethinimine makes only minor use of its possibilities for charge 
cancellation. However, the more reactive ethyl cyanoformate produces 
89% of the expected spirotriazoline 116 (77CB571X 
Although 115a and 115b are thermally stable, the diphenyl compounds 
115c and 115d trimerize in solution, particularly in refluxing acetic acid 
(77CB514). The trimer 117 is possibly formed by three consecutive dipo¬ 
lar cycloadditions, the third of which is intramolecular; its structure has 
been confirmed by X-ray analysis (80AG936, 80AG(E)906). 


e. Pyrazolidineazomethinimines. Azomethinimine 118, derived 
from the criss-cross addition reaction of hexafluoroacetoneazine with 
isobutene (74AG481, 74AG482, 74AG(E)474, 74AG(E)475; 75CB1460), 
reacts with the nitrile group of ethyl cyanoformate to yield the expected 
bicyclic triazoline 119. However, nitrile adduct 120 also results from te- 
tracyanoethylene by preferential addition to the nitrile group (76LA30). 
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4 . Reactions of Azomethine Ylides 

Azomethine ylides, like azomethinimines, lack a double bond in the 
sextet structure but have internal octet stabilization and belong to the 
allyl type of dipoles (121a and 121b). In terms of the PMO theory, azo- 
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b 

( 121 ) 


tnethine ylides are type I dipoles and their cycloadditions are HOMO (di- 
pole)-LUMO (dipolarophile) controlled; they are known to react most 
rapidly with electron-deficient alkenes (83BSB811; 84MI1). 

The chemistry of these dipoles blossomed during the 1970s only after 
the discovery that thermal and photochemical cleavage of aziridines leads 
to azomethine ylides (76T2165; 79CR(C)265; 83BSB811; 84MI1). The 
possible utility of these dipoles in 1,2,4-triazoline synthesis has been dem¬ 
onstrated only recently employing heterocyclic ylides prepared by the de- 
hydrohalogenation of immonium salts (84T369). 

a. 3,4-Dihydroisoquinolinium N-Ylides. The N=N triple 
bond of benzenediazonium salts 122 acts as an electron-deficient dipolar¬ 
ophile in the cycloaddition reaction of 3,4-dihydroisoquinolinium N- 
ylides (123) (Scheme 39) (84TL65). The primary cycloadduct is regarded 
to be the unstable 124 (84TL65), based on the greater nucleophilicity of 
the exocyclic ylide carbon (84T369) as well as the regiochemistry of addi¬ 
tion in 126, which shows a triazolium proton in the 3-position. 
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Scheme 39 


b. 1,2,4-Triazolium N- Ylides. Azomethine ylides that are incor¬ 
porated into a triazole ring system yield bicyclic triazolines by ring annu- 
lation reactions with electron-deficient alkenes and alkynes. 

Reaction of triazolium A^-dicyanomethylides 127 (82JOC4409) with di- 
methylacetylenedicarboxylate affords cycloadducts 128, which readily re¬ 
arrange to yield triazolopyridines 129 (Section IV). Using unsymmetrical 
dipolarophiles, only one of the two possible regioisomers has been ob¬ 
tained. The results are in agreement with a second-order perturbational 
treatment of the orientation problem (83JCS(P2)1317). The nucleophilic 
extreme of the dipole is the carbon atom that carries the two cyano 
groups, an example of the usual polarization of azomethine ylides with 
electron-withdrawing substituents (73BSF2871) (Scheme 40). 

Reaction of the azomethine ylide structural moiety in triazolium phe- 
nacylides is both regioselective (79RRC1053) and stereospecific 
(79RRC733), and yields isolable bicyclic triazolines 130 with unsymmetri- 
cally substituted ethylenes; none of the isomeric compounds 130a is 
formed. The cycloadducts from alkynes, however, are unstable and un¬ 
dergo C—bond fission to yield 5-substituted triazoles (Scheme 41) 
(81T2805, 81T2811). 
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F.C GH=GH-1-Er 

^ G=N 
F.G'^ I 


CHgNa 
0°G, 3 wks 


fy. - n " 





51% 


Scheme 43 


C. From Triazolium and Mesoionic Triazoles 

1,2,4-Triazoliuni salts 135 may be represented as cationic centers, in 
which the positive charge is delocalized over the atoms of the ring 
(57QR15). The ionic centers in mesoionic compounds 136a, on the other 
hand, are internally compensated; they can be named “anhydrobases” 
136b by the imaginary addition of a molecule of water to give triazolium 
hydroxides 137 (71JCS(B)1648). The mesoionic structures are deeply col¬ 
ored triazolium C-ylides of varying stability; because charge separation 
in organic molecules is generally unfavorable, the dipolar C-ylides 136a 
would be less stable than the isomeric covalent anhydrobases or methyl- 
enetriazolines 136b, and this is borne out by the calculated ir-electron 
energies of both forms (71JCS(B)1648). Various methods have become 
available for conversion of triazolium salts and mesoionic compounds to 
triazolines, and this constitutes a major route for the synthesis of 
triazolines. 





(135) 


(136) 


(137) 
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1. Sodium Borohydride Reduction of Triazolium Salts 

Sodium borohydride reduction of triazolium salts 138 is well estab¬ 
lished as a useful approach to the synthesis of various tri- and tetra-substi- 
tuted 1,2,4-triazolines (141) (Scheme 44) in good to excellent yield (Table 
I). The reduction mechanism involves selective nucleophilic attack by hy¬ 
dride ion, donated by sodium borohydride, at the electron-deficient C-5 
carbon of the immonium moiety in the triazolium salt (73BCJ1250; 
76JHC835, 76T2549). The selectivity of reduction is high; halogen substit¬ 
uents, nitro and ester groups, C=C, C=N, and even C=0 double bonds all 
remain unchanged. Interchange of C-3 and C-5 substituents does not alter 
the site of hydride attack, as evidenced by the reduction of 5-methylthio- 
triazolium iodide 138a to yield triazoline 141a (76T2549). 



Scheme 44 


Convenient methods have been developed for the synthesis of triazol¬ 
ium salts. The 3-methylthio-substituted triazolium compounds 138 are 
readily accessible by the reaction of 5-methyl-1,4-diphenylisothiosemi- 
carbazide with acid chlorides, or (in the presence of phosphorus oxy¬ 
chloride) with carboxylic acids (74TL2649). Deprotonation of 138 (R = 
H) yields the nucleophilic carbene 139, which is readily alkylated to yield 
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TABLE I 

NaBH4 Reduction of Triazolium Salts 


N-N-R 




3 

4 


R 

R' 

R^ 

R’ 

R‘ 

Yield 

(%) 

References 

Ph 

SMe 

Ph 

H 

Me 

94, 97 

74TL2649 

76T2549 

Ph 

SMe 

Ph 

H 

Et 

90 

75TL681 

76T2549 

Ph 

SMe 

Ph 

H 

Pr 

89 

75TL681 

76T2549 

Ph 

SMe 

Ph 

H 

/-Bu 

76 

75TL681 

76T2549 

Ph 

SMe 

Ph 

H 

cyclo-Pr 

98 

75TL681 

76T2549 

Ph 

SMe 

Ph 

H 

MeOOCtCHi),- 

85 

76T2549 

Ph 

SMe 

Ph 

H 

Ph 

95, 99 

74TL2649 

76T2549 

Ph 

SMe 

Ph 

H 

4-CIQH4- 

99 

76T2549 

Ph 

SMe 

Ph 

H 

4-02NCeH4- 

97 

76T2549 

Ph 

SMe 

Ph 

H 

4-MeOOCCeH4- 

96,95 

76T2549 

74TL2649 

Ph 

SMe 

Ph 

H 

3,4,5,-(MeO),QHr 

90 

76T2549 

Ph 

SMe 

Ph 

H 

p-Phenylene 

80 

76T2549 

Ph 

SMe 

Ph 

H 

PhCHj- 

98 

76T2549 

Ph 

SMe 

Ph 

H 

ip-C.H4< 

89 

74TL2649 

Ph 

SMe 

Ph 

H 

Ph-CH=CH— 

95 

74TL2649 

Ph 

SMe 

Ph 

H 

PhCO- 

39 

75TL1889 

Ph 

SMe 

Ph 

H 

3-Pyridyl 

97 

76T2549 

Ph 

CH, 

CH, 

H 

CH, 

70 

73BCJ1250 

CH, 

CH, 

Ph 

H 

CH, 

86 

73BCJ1250 

Ph 

Ph 

Ph 

H 

Ph 

97 

69CB3176 

Ph 

Me 

Ph 

H 

H 

82 

76T2549 


138 (R ¥= H) (75TL1889). Anhydro bases 140a, resulting from deprotona¬ 
tion of 138 (R = R'R^CH—), act as C-ylides (140b), and readily undergo 
C-alkylation to give 138 (R = —C—R') (75TL681) or 138 (R = long chain 
1>R" 




alkyl groups) (Scheme 44) (80TL4183). 

Triazolium tetrafluoroborates, obtained from the cycloaddition reac- 
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(138a) (l 4 la) 


tion of alkoxydiazenium salts with benzalanilines (69CB3176) and alde- 
hydeazines (75JCS(P1)2474), respectively, undergo selective sodium 
borohydride reduction to yield 142 and 143 (Scheme 45); the 
methyleneaminotriazolines 143 are stable compounds and their stability, 
in comparison with that of the triazolium salts, is suggested to result from 
the conjugated azomethine bond (Scheme 45) (75JCS(P1)2474). 


ArCH=N-N=CHAr 

Ar' 

CH-—N=N-OEt > 
^ + 


^ Ar' Ar* 

CHg—N—N-QEt CHg—N- 



ArCH=N-N=CHAr , 


hJ JU jl ji 

N=CHAr N=CHAr 


NaBH^^", CH^CN 
Room temp. 





N=CHAr 



(Alkoxydiazenium 
salt, R = PhCH2, 
R’ = Ph) 

(142) 


Scheme 45 


Interaction of o-dialkylamino-substituted benzalaniline [144, RR = 
(CHj),] with alkoxydiazenium salt [RR' = (CHz),], followed by borohy¬ 
dride reduction, yields the rare 1,5-fused triazoline 145; the course of re¬ 
action is not influenced by the o-dialkylamino group. However, with the 
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more reactive diazenium compound (R = CHj, R' = Ph), only tar is 
obtained (75JCS(P1)2474). 

3,4-Annulated triazoline ring systems 146-148 (Scheme 46) are ob¬ 
tained by borohydride reduction of annulated triazolium salts. These salts 
result from cycloaddition of alkoxydiazenium compounds to the azometh- 
ine bond in heteroaromatic compounds such as pyridine, quinoline, and 
isoquinoline (69CB3176). A tetrahydrotriazoloisoquinoline (149) results 
from reduction of the triazolium salt 126 (Scheme 39) (84TL65); similarly, 
dihydrotriazolobenzodiazepine 18 results from reduction of the respec¬ 
tive triazolobenzodiazepinium bromide (79JOC2688). 




(l46), Rings A and B absent (pyrido-) 
(14-7), Ring B absent (quinoline-) 
(l48), Ring A absent (isoquinolino-) 


Scheme 46 


Likewise, triazoloquinazolinium iodides, prepared from 150 as outlined 
in Scheme 47, lead to tetrahydrotriazoloquinazolines (e.g., 151); the latter 
are generally difficult to isolate, probably because of the ring-chain tauto¬ 
meric Schiff base structures 152 (76ACH419). 
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(152) (151) R = Me 


Scheme 47 


2. Reduction of Mesoionic Triazolium Compounds 

l,2,4-Triazolium-3-aminides 153 belong to the general class of mesoion¬ 
ic compounds; they are reduced to 3-amino-1,2,4-triazolines by lithium 
aluminum hydride in hot dioxane (Scheme 48) (74JCS(P1)638). 






(153) 


LIAIH 4 



R = Me 

R^ = R^ = R^ = Aryl 




2 


Scheme 48 
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3. Reaction ofTriazolium Salts with Nucleophiles 

Triazolium salts are susceptible to attack by nucleophiles, similar to 
their reaction with hydride ions. When an activated 5-methyl function is 
present (154), loss of a proton leads to 5-methylenetriazolines 155 
(71JCS(B)1648). In the case of the reactive 5-bromotriazolium salt 156, 
methoxide ion displaces the bromo group to yield the 5,5-dimethoxytria- 
zoline 157. The latter also results from the sodium methoxide-catalyzed 
methanolysis of the 5-morpholinotriazolium bromide 158 (SOT 1649). Like¬ 
wise, the 5-methylthiotriazolium iodide 138a furnishes the triazoline 141a 
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via the 5-olate compound when treated with sodium hydroxide and so¬ 
dium borohydride (76T2549). 

In the absence of an activating group, 5-hydroxytriazolines are formed, 
as illustrated by 159-160 (73S414) and 161-162 (69CB3176, 69G69). The 
hydroxytriazoline 162, however, is unstable and undergoes bond cleavage 
and rearrangement to yield 163 (see Section IV,B,2). 

4, Reaction of Triazolium Salts with Electron-Rich Multiple 
Bonds 

Triazolium salts 164 react with ynamine to give products that are deter¬ 
mined by the substitution pattern of the salts and the reaction conditions; 
[3 + 2]-cycloaddition and cycloreversion, as well as [4 + 21-cycloaddi¬ 
tion, are observed (83CB186). The diphenyl compound 164a yields an un- 


Ph 



Scheme 49 
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stable triazoline 165, while a stable ring system (166) results from the 
diphenyldimethyl-substituted 164b; ring closure in 166 does not occur on 
the methoxyphenyl group because of steric hindrance from the two adja¬ 
cent methyl groups that disrupts its coplanarity. The fully phenyl-substi¬ 
tuted compound 164c undergoes cycloaddition-cycloreversion reactions 
in DMF, but yields triazoline 167 in acetonitrile (Scheme 49). 


D. Other Routes to Triazoline Synthesis 

Reduction of oxo- and thioxotriazolines has been investigated only to 
a limited extent. Reduction of triazolin-5-ones 168 with lithium aluminum 
hydride gives triazolines 169 when the ring double bond is not conjugated 
with the exocyclic double bond of the oxo function; the conjugated iso¬ 
mer 170 yields a triazolidin-5-one (171) (71BSF3296). 

Similarly, triazolin-5-thione has been reduced using Raney nickel in 
ethanol (Scheme 50) (68RC247). 


-N 



( 169 ) 


d^N-^e 

(170) 

LIAIH4 

Me * Me 

c5^^lK^Me 


(171) 



N-NH 

Raney nickel ^ h T jj 

ethanol, 4 h 

3 N H 

^"( 50 ^) 


Scheme 50 
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E. Synthesis of A'-1,2,4-Triazolines 

In contrast to the various methods that have been developed for the 
synthesis of d}- and A^-triazohnes, there appears to be no general syn¬ 
thetic routes to A'-l,2,4-triazolines (172). Of late, the latter have gener¬ 
ated interest as potential sources of azomethine ylides, in analogy with 
oxa- and thiadiazolines that yield carbonyl (thiocarbonyl) ylides upon 
thermolysis under mild conditions (Scheme 51) (76T2165; 85MI2). 


N=N 


it 

(172) 

N=N 

>LxJ< ^ 

X = 0, s 


Scheme 51 

The only existing report on the synthesis of A'-triazolines pertains to 
two patents (67USP3326889; 70USP3515603) that claim the formation of 
unusual perfluoroamino-l,2,4-triazolines as components of a mixture re¬ 
sulting from the fluorination of 3,6-diamino-s-tetrazine (Scheme 52). Nu¬ 
merous attempts to carry out the logical synthesis of the A'-triazoline ring 
system as outlined in Scheme 53, using various aromatic and aliphatic 
amines, have resulted only in monosubstitution reactions without subse¬ 
quent closure to the heterocycle (76T2165). 



Scheme 53 


(172) 
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Only very recently has the accessibility of the first alkyl-substituted A‘- 
triazoline been reported, utilizing lead tetraacetate oxidation of an ami- 
drazone (173) (85MI2). Oxidation in methylene chloride or benzene over 
solid potassium carbonate affords the 3-methylene-A‘-triazoline 174. The 
latter, when introduced into anhydrous methanol-J containing a trace of 
p- toluenesulfonic acid, equilibrates with the 3-methyl-3-methoxy-A'-tria- 
zoline 175, as shown by NMR spectroscopy. The methylene protons of 
174 are exchanged for ^H, as are the corresponding protons of 175, as 
expected for an enamine system. 



(175) 


III. Structure and Physical Properties 

A. Structure 

1,2,4-Triazolines exist mainly in the 1/f-form. The parent compound is 
not known. 

Although the free bases do not seem to undergo tautomeric transforma¬ 
tions, A ^ B, triazolinium salts are known to exhibit ring-chain tautomer- 
ism in solution (80KGS1138; 81ZOR1825; 82KGS1264, 82ZOR1613; 
84KGS1415) (Section II,A,2), where the thermodynamic stabilities of the 
linear and cyclic forms are found to be very close (77LA463, 77LA485). 
The equilibrium and activation thermodynamic parameters for the 
ring-chain tautomerism of 2-(methyl)thiosemicarbazone i'.A.S-trioxide 
(37) and 2-methyl-A^-l,2,4-triazolinium-3-sulfonate (38) are presented in 
Table II. 



TABLE II 


Energy Parameters for the Tautomerism 37 ^ 38 


R' 

R' 

R’ 

Solvent 

Temp. (°C) 

Cone, 
(mol %) 

AG* 

(kJ/mol) 

(kJ/mol) 

Mi* 

(kJ/mol) 

AS* 

(J/Grad. mol) 

37 38 

38 37 

37 38 

38 37 

37 38 

38 37 

37 38 38 37 

H 

Me 

H 

DMSO 

28-50 (4)" 

8 

93.7 

97.1 

69.8 

69.0 

67.3 

66.5 

-86.2 - 99.1 

H 

Et 

H 

DMSO 

38 (1) 

8 

94.5 

99.6 

— 

— 

— 

— 

— — 

H 

i-Pr 

H 

DMSO 

29-53 (5) 

8 

94.5 

99.9 

87.8 

99.6 

85.3 

97.0 

-29.3 -9.2 




CljCHCOOH 

39 (1) 

8 

97.1 

97.1 

— 

— 

— 

— 

— — 

Me 

Me 

H 

DMSO 

37 (1) 

8 

91.7 

93.7 

— 

— 

— 

— 

— — 

Me 

Et 

H 

DMSO 

37 (1) 

8 

92.1 

95.8 

- 

- 

- 

- 

- - 


“The number of experiments is given in parentheses. 
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B. Spectroscopic Properties 

1. Nuclear Magnetic Resonance Spectra 

Both 'H- and ‘^C-NMR spectra have proved to be powerful tools in 
structure determination and characterization of 1,2,4-triazolines. NMR 
spectral characteristics are used to distinguish unambiguously the linear 
or cyclic form (Scheme 4) of the reaction products from amidrazones and 
monocarbonyl compounds (Section II,A). The 'H-NMR spectrum 
(81ZOR1825) of a freshly prepared solution of tetramethyltriazolinium io¬ 
dide (34B, Scheme 18, R‘ = R" = R’ = R^ = CHj) in DMF-d^ exhibits 
three signals for the methyl groups at 8 3.35, 2.42, and 1.48 ppm with 
intensity ratio 3:3:6. The signals at 8 3.35 and 2.42 ppm clearly belong 
to the methyl groups at N-2 and C-3, respectively, while the two enantio- 
topic methyl groups at C-5 give a singlet signal in the upheld region with 
an intensity corresponding to 6H. A broad singlet at 8 6.87 ppm which 
integrates to \H belongs to the proton at N-I. The signal for the proton 
at the positively charged N-4 atom is not localized at room temperature 
due to intermolecular exchange; however, at -40°C, a singlet appears at 
8 10.46 ppm. A similar NMR pattern is observed for the triazoline free 
bases, both A'-l (80ZOR942) and A’-36 (Scheme 18) (81ZOR1825) (Table 
III). 

In the corresponding amidrazonium salt (34A, Scheme 18), on the other 


TABLE III 


'H-NMR Spectra" of Tri- and Tetrasubstituted A*- and A’-1,2,4-Triazolines 


Compound R' 

R" 

R^ 


R* 

NH 

Solvent 

36a 

2.05 

3.03 


1.40 (6H) 


4.73 (IH) 

DMSO-c/e 


(3H) 

(3H) 






la 

1.78 

2.48 


1.23 (6H) 


5.91 (IH) 

CCL 


(3H) 

(3H) 






lb 

1.83 

2.53 


1.60 m 


5.91 (IH) 

CCI4 


(3H) 

(3H) 


(lOH) 




Ic 

1.80 

2.48 

4.93 


7.20-7.60 

5.31 (IH) 

CDCI3 


(3H) 

(3H) 

(IH) 


m(5H) 



Id 

1.78 

0.93 t 


1.21 (6H) 


5.10 (IH) 

CCI4 


(3H) 

1.80 m 








2.55 t 






le 

7.30-7. 

2.77 


1.34 (6H) 


4.85 (IH) 

CDCl, 


90m 

(3H) 







(5H) 








"Chemical shift 8 in ppm. 
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hand, the four methyl groups appear as four singlets of equal intensity at 
8 3.43 (N'—CHj), 2.59 (C—CH,), 2.13, and 2.06 ppm (syn- and anti-CH^ 
groups in the alkylidene fragment). The diastereotopic protons at give 
two signals at 8 8.10 and 8.98 ppm, due to restricted rotation about the 
C=N^ bond. The insignificant temperature dependence of these N^-pro- 
ton chemical shifts indicates a fZ)-configuration in relation to the C=N' 
bond for the linear tautomer (34A), stabilized by intramolecular hydrogen 
bonding (79ZOR2280; 81ZOR1825). 

Significant differences also exist in the ‘^C-NMR spectra of the linear 
(34A and 2) and cyclic structures (34B, 36, and 1) (79ZOR2280; 
80ZOR942; 81ZOR1825; 82KGS1264; 84KGS1415). In the spectra of the 
hydrazones, there are two signals in the region 145-160 ppm, correspond¬ 
ing to the carbon atoms of the C=N bonds, while in the triazoline spec¬ 
trum, only one signal is present in this region; the characteristic signal of 
C-5 lies upheld between 8 81 and 87 ppm (Table IV). 

TABLE IV 


'^c-NMR Spectra of Tri- and Tetra-substituted AL and A’-1,2,4-Triazolines'' 


Compound 

C-3 

C-5 

C-R' 

C-R' 

C-R’, R" Solvent Refs. 


148.7 

81.2 

11.2 

34.2 

22.2 

la 

VccH 7.7 

VccH 5.6 

%„ 125.5 

'Jc» 131.7 

'JcH 126.2 

’JcccH 4.0 CDClj 80ZOR942 


148.2 

82.5 

11.4 

34.7 

31.9 

lb 

VccH 6.9 

VccH 5.5 

'Jc„ 127.6 

'JcH 133.9 

24.3 

22.0 CDCl, 80ZOR942 


150.2 

87.3 

11.3 

41.0 

139.2, 129.1, 

Ic 

VccH 7.9 

'JcH 141.7 

'JcH 128.2 

'JcH 133.9 

127.9, 127.6, 


Vccch““Vcnch“ 


VcNCH 6.9 

127.4, 127.0 



5.0 



CDCl, 80ZOR942 


148.2 

81.6 

11.8 

49.8 

22.9 

Id 

VccH 6.9 

VccH 6.0 

■icH 130.1 

21.6 

VcH 126.0 





10.8 

’JcNCH 3.8 CDCl, 80ZOR942 


149.3 

82.5 

125.0, 126.9, 

35.0 

23.5 

le 

VcccH 3.8 

VccH 5.0 

127.9, 

'JcH 133.9 

'/cH 127.6 



128.6, 


VcccH 3.5 




128.7, 128.9 


CDCl, 80ZOR942 

34Ba 

182.4 

113 

11.5 

35.2 

26.3 DMSO-de 81ZOR1825 


163.2 

84.6 

14.5 

39.3 

29.6 

3<ia 

VccH 4.5 

VccH 3.0 

■JcH 126.0 

VcH 134.8 

'JcH 126.0 

VcccH 3.0 DMSO-ds 81ZOR1825 


"Chemical shift 5 in ppm and coupling constant J in Hz. 
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The distinct differences in the NMR pattern of the linear versus the 
cyclic forms provide a reliable criterion for structure determination. 
Based on their 'H- and '^C-NMR spectra, products of reactions of N‘- 
monosubstituted amidrazones with aldehydes and ketones are 1,2,4-tria- 
zolines (1), while the unsubstituted amidrazones form alkylidene deriva¬ 
tives (2) (80ZOR942). In light of these findings, the earlier assignment of 
triazoline structures to products resulting from unsubstituted amidra¬ 
zones (70CRV151, 70JHC1001; 71JHC173; 73JHC353) should be re¬ 
examined. 

NMR techniques are important diagnostic tools to follow ring-chain 
tautomeric transformations in solutions of triazolinium salts (34A ^ 34B 
in Scheme 18 and 37 ^ 38 in Scheme 19), including the effect of structure 
on the position of the tautomeric equilibrium (Section II,A,2); such stud¬ 
ies have helped to ascertain the principles of ring-chain tautomerism and 
an substituent is found to favor the cyclic form (77LA463 , 77LA485; 
81ZOR1825; 82KGS1264; 84KGS1415). Evidence for the establishment 
of a true tautomeric equilibrium in solution, for 34a in Scheme 18, is pro¬ 
vided by the presence of ”C-NMR signals at 8 158.5 and 159.9 ppm (for 
C=N‘- and C=N’- respectively, of the linear form) and at 8 77.3 and 
182.4 ppm (for the respective C-5 and C-3 atoms of the cyclic triazoline) 
in the ’’C-NMR spectrum (81ZOR1825). Similar 'H-NMR signals are seen 
for the ring-chain tautomerism of 2-methyl-A^-l,2,4-triazolinium 3-sulfo¬ 
nates (38) with the thiosemicarbazone 5,5,5-trioxides (37) in Scheme 19 
(R‘ and R^ at 8 1.83 and 2.05 for the open chain and at 8 1.34 for the 
cyclic) (77LA463). 

The structural assignment of the dihydrotriazolopyrimidines 43 in 
Scheme 20, formed by cyclization of isothiosemicarbazones 39, is con¬ 
firmed by NMR spectroscopy (81BCJ1767, 81JOC3956; 85CPB2678). The 
H-2 and H-3 protons on the dihydrotriazole ring of 43 (R^ = H) appear 
as two AB-type doublets (8 6-8 ppm) with coupling constants ranging 
between 9.1 and 10.0 Hz. In the 3-deuterated compounds, the H-3 reso¬ 
nance disappears with the simultaneous conversion of the upheld H-2 sig¬ 
nal from a doublet to a singlet. The chemical shift values for H-2 in triazo¬ 
lines 43 are —2.0 ppm higher than those for the azomethine proton in 39, 
reflecting rehybridization of the C-2 from sp^ orbitals in 39 to sp^ in 43. 
Also, in line with the rehybridization of C-2, the 2-methyl protons (43, 
R' = CHj, R^ = H) resonate at 0.6-0.7 ppm higher than those of the 
corresponding compound 39; furthermore, the anisotropic deshielding of 
phenyl protons ortho to the azomethine double bond in 39 (0.43 ppm in 
DMSO-dft) disappears in 43 (R‘ = Ph, R^ = H, R"* = CN), exhibiting only 
a single signal for the phenyl protons at 8 7.36 ppm. The effect reappears 
in the triazoles 44, in which the ortho protons of the 2-phenyl group are 
again deshielded by 0.49 ppm (CFjCOOH-d) relative to the meta and para 
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protons, due to resonance interaction with the heteroaromatic ring sys¬ 
tem of 44, The upheld shift of the H-7 proton resonance by 0.60-0.72 
ppm in 43 relative to that in 44 is also characteristic of the triazoline 
structure. 

The transition from the open to the cyclic structure in Scheme 16 is 
accompanied by a downfield shift of the aromatic protons and N—CHj 
signals, due to the deshielding effect of the positive charge, which is typi¬ 
cal of cations. The N=CH 2 signal (R* = = H) undergoes the charac¬ 

teristic upheld shift and instead of two doublets [at 8 6.89 and 6.59 ppm 
for R‘ {Z) and R^ (E)], a singlet signal (5.23 ppm) is obtained reflecting the 
C-sp^ -» C-sp^ hybridization. Likewise, when R' = R^ = CH,, the two 
methyl signals (2.25 and 2.10 ppm) are transformed to a singlet in the 
upheld region (1.72 ppm). With progressive addition of weak acid, the 
proton signals of both the hydrazone and the cyclic cation are observed 
in the NMR spectrum (80TL209). 

The characteristic upheld singlet signal for the geminal methyl groups 
at the jpLhybridized C-5 has been used widely in the assignment of cyclic 
structures for triazoline-1-mono- and -1,2-dicarboxylates (Scheme 32) (8 
1.75 and 1.63 ppm, respectively) (74HCA1382), 5,5-dimethoxytriazoline 
(157) (8 3.20) (80T1649), 5,5-dimethyltriazolines (Scheme 22A) (8 1.57- 
1.94) (86KGS352), dihydrotriazolopiperidones (15) (8 1.08-1.11 ppm) 
(76CPB3011), 3,3-dimethyl-5-ethyloxalyl-2//-1,2,4-triazolo[3,4-*]thiazole 
oxime (Scheme 13) (8 2.05) (78JHC401), 1-carbamyltriazolines (47, 8 
1.61-1.72; 49, 8 1.94-1.96; 49a, 8 1.68-1.72), and triazoline-1,2-dicarboxi- 
mides (50, 8 1.84; 51, 8 1.68-1.75) (84JOC1703). 

The 5-alkenyltriazoline structure (62 in Scheme 27, R = R^ = Ph, R' 
= t-Bu) has been conflrmed from its '^C-NMR, which gives a singlet at 
8 153.0 for the C-3 and an upheld doublet at 8 78.4 for the C-5 carbons 
(84H549); likewise, the single upheld signal for the C-5 carbon has helped 
to ascribe the structures of the 5,5-dimethyItriazolines in Scheme 22A (8 
79.3-83.1 ppm) (86KGS352) and the dihydrotriazolobenzimidazoles 76 (8 
56.0 ppm) (85H2183). 

Similar NMR techniques are used to identify structures 18 
(79JOC2688), 6 (Scheme 8) (70T3069), and 101 (Scheme 34) (76TL1303). 
The regiochemistry of addition of 3,4-dihydroisoquinolinium N-ylide 
(123) to benzene diazonium salts (Scheme 39) is determined from the two 
singlets at 8 6.76 and 6.18 ppm for the H-3 and H-lOb of the reduction 
product (149) of 126; the opposite regioisomer would have given a single 
signal at higher held for the 3-methylene protons (84TL65). 

NMR measurements are used for structural as well as conformational 
analysis of complex tri- and tetracyclic fused triazoline ring systems. The 
‘H- and ’’C-NMR spectra of angularly condensed triazolobenzothiazine 
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derivatives 91 and 92 show that these compounds exist in two conforma¬ 
tional types, depending on the substituents (84H537, 84OMR720). 

The 7- and 8-methoxy groups in 92 yield two singlets in the intervals 8 
3.74-3.80 and 3.23-3.37 ppm, respectively, for the 3-ethoxycarbonyl and 
carboxamido compounds; the 3-aryl analogues of 92 as well as all com¬ 
pounds with no 10-methyl substituent (91) show the singlets between 3.57 
and 3.97 ppm. A strikingly similar pattern is also observed for the H-6 
and H-9 protons in 92; when R' = COzEt or CONHPh, the two singlets 
appear at 8 6.49-6.54 and 5.93-6.07 ppm, respectively, but the signals are 
present in the region 6.62-7.36 ppm for the 3-aryl compounds (92) and for 
all compounds 91. 

The spectral data clearly show that the H-9 and 8-OMe protons in the 3- 
ethoxycarbonyl- and 3-carboxamido-10-methyl compounds (92) are more 
shielded than in the others; the average values of the measured differ¬ 
ences for H-9 and 8-OMe are 0.84 and 0.44 ppm, respectively, compared 
to 0.32 and 0.11 ppm for the H-6 and 7-OMe protons. This is attributed 
to a probable difference in the conformation of the 3-ethoxycarbonyl/car- 
boxamido compounds (92) (conformation A) relative to the others (con¬ 
formation B) (Fig. 1). In A, the lO-methyl-3-ethoxycarbonyl derivatives 
are cw-annulated, conformationally flexible systems where H-9 and 8- 
OMe of the benzothiazine skeleton lie close to the 1-aryl ring of the 1,2,4- 
triazoline nucleus, in the preferred conformer. By assuming this more 
strained conformation, the molecules avoid the steric hindrance of the 10- 
methyl and 1-aryl groups, the shortest distance between the two groups 
being 2.4 A in A and 1.2 A in B. All compounds unsubstituted on C-10 
(91) and the 3-aryl-substituted 10-methyl analogues (92) possibly occur in 
the B conformation, in which the 1-aryl ring is well removed from the H- 
9 and 8-OMe groups. 




B 


Fig. 1. Probable conformations for (A) 3-ethoxycarbonyHO-methyl- and (B) 3-phenyl-10- 
methyldihydrotriazolobenzothiazines 92 (84H537, 840MR720). 
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The nonequivalent protons of the 4-methylene group in 91 and 92 give 
an AB multiplet with chemical shifts at 8 4.05-4.80 and 4.40-5.80 ppm, 
respectively, and 7^8 = 11.5-13.5 Hz. The average chemical shift differ¬ 
ence of 1.02 ppm for the 4-methylene protons (A84e.,j.) in the 3-ethoxycar- 
bonyl (carboxamido) compounds 92 compared to only 0.26 ppm in all 
other compounds is also commensurate with conformation A; the shield¬ 
ing of H-4e', coplanar with the carbonyl group in A, is diminished both 
by the hydrogen bonding and by the anisotropic effect of the carbonyl 
group. 

The H-10 and 10-Me protons in compounds 91 and the 3-aryl com¬ 
pounds 92 are more shielded in the 1-phenyl derivatives than in the p- 
nitrophenyl analogues; this effect is not present in the 3-ethoxycarbonyl 
compounds 92 , in which the opposite anisotropic effect is observed. This 
indicates that in A the 1-aryl group is roughly coplanar with the 10-Me 
group, whereas in B the latter is situated above the plane of the aromatic 
ring. 

Conformations A and B are also supported by ‘^C-NMR data. The 
strained conformation A of the more crowded cw-annulated structure is 
indicated by the increased shielding of the C-5a (3.4-5.1 ppm), C-6 (1.3- 
2.5 ppm), C-8 (0.6-2.5 ppm), and C-9 (0.6-2.8 ppm) carbon atoms in the 
3-ethoxycarbonyl-10-methyl compounds 92 compared to that in the 3- 
aryl-10-methyl analogues 92 and compounds unsubstituted on C-10 ( 91 ); 
this is also true of the field effect or steric compression shift in the shield¬ 
ing of carbon atoms bearing sterically hindered substituents. On the other 
hand, the signal for C-10 bonded to the unhindered methyl group in A 
shows a significant downfield shift of 3.6 ppm, unlike that in B. 

The structures of the tetracyclic norbornane-fused oxazino-l,2,4-tria- 
zolines 86-88 have been proved by 'H- and '^C-NMR spectroscopic mea¬ 
surements and the various potentially stable conformations of the flexible 
hetero rings have been evaluated (87MRC635). Starting with the preferred 
conformations of the oxazine rings as deduced from the coupling con¬ 
stants between the H-4a and the 4-methylene protons, and discarding all 
structures that can be ruled out for steric reasons including those resulting 
from the tran.^-annulation of the hetero rings, in each case only two dia- 
stereomeric structures (86a and b; 87c and d; 88e and f). differing in the 
steric position of the aryl group attached to C-2 (to facilitate comparison 
of the NMR data, C-2 denotes the carbon atom between the oxygen and 
nitrogen atoms), remain to be distinguished. 

In structure 86a, the dihedral angles between H-4a and the 4-CH2 pro¬ 
tons are both close to 60°, which is in disagreement with the differing 
values of the corresponding coupling constants = 1 and = 

5 Hz). There is also considerable steric hindrance between H-7 (endo) 
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(86a) (86 b) 



Ph Ph 


(87 d) (87 c) 



Ars QH4CI-P 


and the phenyl-substituted nitrogen atom of the triazoline ring. The more 
probable structure is 86b; C-2 has the R configuration, indicating c/j-an- 
nulation of the hetero rings and the endo position of the C-2 aryl located 
trans to H-4a, -8a. In this conformationally flexible stereostructure, there 
is no appreciable steric hindrance and, in the chair-like conformation of 
the oxazine ring, the dihedral angles between H-4a and the 4 -CH 2 protons 
are nearly 30 and 90°, which are in excellent agreement with the coupling 
constants. 
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The observed 'H-NMR signals for 86, which hardly differ from those of 
the dipolarophile 83, also support the b structure. The anomalous relative 
shielding of the 4 -CH 2 protons [8 H-4'(a') (4.31 ppm) > 8 H-4(e') (3.98 
ppm)] in 86, along with the doubling of the shift difference compared to 
83, can be explained by the field effect due to the 1,3-diaxial heteroatoms. 
In the '^C-NMR spectrum, the C-4 signal shows an upheld shift difference 
of 6.2 ppm; in addition, the downheld shift of the C-5, C-6, C-7, C-8a 
signals and the upheld shift of the C-8 and C-9 signals by only a few tenths 
of a ppm in 86 relative to 83 indicates a nonstrained system. In the NMR 
spectra of 86a, a steric compression shift would have been observed giv¬ 
ing an upheld shift of the C-7 signal by several ppm. 

DNOE measurements further support structure b. Saturation of the H- 
4(e') and H-4'(a') multiplets does not cause any increase in the signal 
intensities of the ortho hydrogen atoms of the aryl group, providing evi¬ 
dence of their distant mutual positions. 

Similarly, in the case of 87, the coupling constants of H-4a and the 4- 
CH 2 protons (4.2 and <1 Hz, respectively) indicate the conformation of 
the oxazine ring as similar to that in 86 . In 87d, the aryl group on C-2 is 
in the cis (endo) position to H-4a,-8a; thus the probable conhguration of 
C-2 is R. If it were reversed (structure c), a signihcant shift difference of 
the H-4'(a') signal would result, against the measured difference of zero. 
In accordance with conhguration d, there is also a considerable downheld 
shift of the H-9' (endo) doublet in 87 compared to 84 (A 8 1.45 ppm), re¬ 
sulting from the anisotropic effect of the nearby heteroatom. Likewise, 
the upheld shift of H-4'(a') (0.07 ppm) compared to 84 is caused by the 
1,3-diaxial position of this proton and the aryl group. 

Based on similar reasoning, the oxazine ring in 88e has a boat confor¬ 
mation with the 0-1 and C-4 atoms in exo positions; the dihedral angles 
between the 4 -CH 2 protons and H-4a (180 and 60°) are in agreement with 
the corresponding coupling constants (12.2 and 7.1 Hz, respectively). The 
upheld shift of the H-8a signal by 0.35 ppm in 88 relative to 85 is also 
indicative of the e structure, where C-2 has the R conhguration and the 
H-8a is appreciably shielded by the N-phenyl ring. The held effects in the 
‘^C-NMR, showing high upheld shifts of the C-8a and C-4a signals com¬ 
pared to 85 (7.2 and 5 ppm, respectively), again provide evidence for ste¬ 
reostructure e; in the latter there is strong steric hindrance between H- 
4a, -8a, and the triazoline ring, whereas in structure f the aryl groups 
can rotate about the C-2—C-Ar bond to avoid steric compression. DNOE 
measurements point to the remote position of H-8a relative to the C-2 
aryl ring as in e. The signals of the ortho aryl protons are not sensitive to 
saturation of the H-8a doublet; in contrast, a signihcant increase of the 
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TABLE V 


Proton NMR Data for Triazolobenzodiazepines 94" 


X 

Ar 

R 

H, 

Hb 

He 

Hd 

H, 

Ph 

H 

53.14 

-13.0 

Ac 7.8 

5.1 

83.17 
./be 4.2 
.7bd2.1 

83.62 

Ad -12.4 

8 3.68 

Hi 

Ph 

CHj 

82.85 

-13.0 

8.7 

Ad 2.5 

52.65 
./be 5.8 
ybd3.3 

83.35 

Ad -15.3 

8 3.49 

Hi 

p-NOiPh 

CH, 

82.75 

Ab -12.4 

Ac 5.6 

3.1 

82.89 

ibc4.1 

^bd3.1 

83.38 

Ad -13.4 

8 3.49 

0 

p-NoiPh 

H 

- 

- 

83.94 

Ad -15.2 

8 4.05 

o 

p-NojPh 

CH, 

- 

- 

83.46 

Ad -12.5 

8 4.15 


"Chemical shifts 8 in ppm and coupling constants J in Hz. From (85H205I). 


intensity should occur in f, as the minimum distance between H-8a and 
the ortho hydrogens would be only 0.5 A in f (87MRC635, 87T1931). 

The structure and conformation of tetrahydro-l//-5-triazolo[4,3-f/]-1,4- 
benzodiazepines and -azepinones (94, X = Hj or O) have been dis¬ 
tinguished by comparison of their NMR spectra with that of the starting 
2,3-dihydro-l/f-1,4-benzodiazepines (93) (85H2051). Annulation of the 
triazoline ring has been found to exert a profound influence on the con¬ 
formational mobility of the diazepine ring system. The starting com¬ 
pounds (93) exist in CDCl, solution as two pseudo-boat conformers that 
are rapidly interconverting at room temperature; the alicyclic region in 
the 'H-NMR spectrum is characterized by an AA'BB' system nearly sym¬ 
metrical about its middle point. The ethylene protons in the triazoloben¬ 
zodiazepines 94, on the other hand, are nonequivalent and resonate as an 
ABCD spin system giving rise to two complex unsymmetrical groups of 
peaks (Table V); these spectral features suggest that compounds 94 exist 
in solution as one conformer that does not interconvert at room tempera¬ 
ture. Using temperature-dependent NMR analysis, the ring-inversion bar¬ 
riers have been calculated to be 18.7 and 19.4 kcal/mol, respectively, for 
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compounds 94 when X = (R = CHj) and X = O (R = H). The 1 lb- 
phenyl group in 94 may be responsible for the blocked configuration of 
the seven-membered ring at room temperature (85H2051). 

Similarly, the tetrahydrotriazolo-1,5-benzodiazepines 97 and 98 have 
been identified by comparison of their NMR data with those of the benzo¬ 
diazepine compounds 95 and 96. The proton resonance of the 
—N=^(CH 3 )— moiety in 95 and 96 is shifted to higher field for the satu¬ 
rated N—CCCHj) moiety in 97 and 98; an analogous shift of the C-4 reso¬ 
nance in 95 for the C-3a resonance in 97 is also observed due to saturation 
of the C=N double bond. In addition, although the signals of the methyl¬ 
ene protons in 95 and % appear as a singlet, they form an AB system in 
the spectra of 97 and 98. Also, the single sharp peak between 8 1.34 and 
1.33 ppm signalling the geminal methyl groups in 95 (X = 2 CH 3 ) appears 
as two distinct singlets for 97 in the regions 1.38-1.46 and 1.13-1.21 ppm, 
respectively. These NMR data are indicative of a fixed conformation for 
the annulated products 97 and 98; temperature-dependent 'H-NMR analy¬ 
sis in the range -88 to - 1 - ISO^C indicates no change in the conformation 
of the seven-membered ring (86S230). 

The NMR spectra of the tricyclic triazolines 72 and 73 show the pyrroli¬ 
dine protons as an ABMPX system, which can be analyzed on an approxi¬ 
mate first-order basis (Table VI). The comparable chemical shift values 
of Ha , Hb , and Hp indicate the presence of the Z moiety in both com¬ 
pounds (Fig. 2). Furthermore, in 72, the ortho protons of the phenyl group 
at N-5 are shifted downfield due to the deshielding effect of the carbonyl 
group at C-3. This effect, absent in 73, along with the chemical shifts of 


Table VI 

Proton NMR Data for Triazolines 72 and 73“ 





8 (ppm) 



Compound 

Ha 

Hb 

Hm 

Hp 

Hx 

72 

\.9Sddd 

2.60 ddd 

3.70 Id 

5.46 dd 

7.12 

73 

2.00 ddd 

2.62 dd 

4.55 dd 

5.50 dd 

6.70 4 

Coupling Constants (Hz) 

•^AB 

Jam 

Jap 

JpM 

^BP 

Jmx 

72 13.5 

10.1 

9.0 

1.2 

5.2 

10.1 

73 13.0 

7.8 

8.6 

0 

5.2 

10.1 


“Data from (78JHC1485). 
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Fig. 2. Structure of tricyclic triazolines 72 and 73, based on proton NMR data. 


Hm and Hx at higher and lower field, respectively, compared to that in 
72, provides evidence for the junction of the two heterocyclic rings in the 
W moiety (78JHC1485). 

2. Ultraviolet and Infrared Spectra 

Tetrasubstituted triazolines bearing ethoxycarbonyl (Scheme 32) 
(74HCA1382), carbamyl or thiocarbamyl (Scheme 22A) (86KGS352), and 
aryl or alkyl (53) (64CB1085) substituent groups absorb in the UV region 
359-228 nm (log e = 3.44-4.29), with the 1,3,4,5-tetraphenyltriazoline 
showing an absorption maximum at 359 nm (64CB1085). The characteris¬ 
tic UV spectra of the tetraaryl compounds are used to distinguish these 
from the triaryl-5-triazolinones; replacement of the 5-aryl with an oxo 
group significantly lowers the absorption maximum from 359 to 275 nm 
(64CB1085). 

Unlike NMR, UV spectroscopic measurements have been used only to 
a very limited extent for structure identification purposes. Consequently, 
relevant data are not available for the evaluation of substituent effects 
on the triazoline chromophore. However, UV data on certain annulated 
triazoline ring systems indicate that both the position and intensity of the 
absorption maximum can be affected by annulation; for example, dihy- 
drotriazolobenzodiazepines 18, = 350-214 nm (log e = 1.8-3.4) 

(79JOC2688), dihydrotriazolopyridines 25, = 450-430 nm (log € = 

1.1-2.7), and dihydrotriazoloquinolines 26, = 463-440 nm (log e = 

7.3-9.2) (67TL4337). Similarly, the metal complex resulting from [Sb- 
Cy and (l,4-dimethyl-l,2,4-triazolin-3-yl)-4-azo-7V,7V-diethylaniline has 
a maximum absorption at 546-554 nm (70ZAK500). 
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IR spectra of triazolines show characteristic absorption bands for the 
ring C=N; some selected examples include tri- (60) and tetraaryltriazo- 
lines (53) (1550-1570 cm"’) (64CB1085; 65CB642), 1-, 1,2-, and 3-alkoxy- 
carbonyltriazolines (Schemes 32 and 33) (1530-1645 cm ') (73CB3421; 
74HCA1382; 83T129), and tetrahydrotriazolobenzodiazepines (94, 97, 
and 98) (1580-1605 cm"’) (85H2051; 86S230). The NH stretching vibra¬ 
tions of a ring NH (60, Schemes 21, 22, and 32) appear between 3195 and 
3590 cm"' (65CB642; 74HCA1382; 78JHC401; 84JOC1703; 85H2051); its 
absence at 3370 cm“‘ has been used to assign the structure for 4-benzyli- 
deneaminotriazoline 58 (84ZOR659). 

Carbamyl- and thiocarbamyl-substituted triazolines (Schemes 21, 22, 
and 22A) display both the NH/NH^ and CO bands of the substituent in 
the ranges 3330-3430 and 1630-1670 cm"', respectively (84JOC1703; 
86KGS352). Similarly, the alkoxycarbonyl C=0 (Schemes 32 and 33) 
gives absorption peaks in the frequency range 1670-1775 cm"' 
(73CB3421; 74HCA1382; 83T129). The triazolo[3,4-Z)]thiazole oxime 
(Scheme 13) gives, in addition to the NH peak at 3330 cm"', a very broad 
band between 3200 and 3780 cm"' for the N—OH group, indicating the 
existence of hydrogen bonding in the compound (78JHC401). Likewise, 
the CN substituent in the dihydrotriazolopyrimidines 43 (Scheme 20) can 
be clearly detected by its absorption band at 2220 cm"' (81BCJ1767). In 
the case of 5-alkenyltriazolines 62, the presence of the trans CH==CH bond 
is indicated by a set of absorption bands between 877 and 975 cm"', the 
one at 975 cm”' being the strongest (69CC387). 

3. Mass Spectral Fragmentations 

Unlike 1,2,3-triazolines (84AHC217), most 1,2,4-triazolines show mo¬ 
lecular ion peaks in their mass spectra (MS) with varying peak intensity. 
This property has enabled molecular weight determinations of a wide 
range of triazolines, as exemplified by 5-(2-pyridyl)aminotriazoline (6) 
(M^, 240) (70T3069), dihydrotriazoloquinoline 167 (M"^, 390, 2%) 
(83CB186), triazolothiazole oxime in Scheme 13 (M'^, 270) (78JHC401), 
4-benzylideneaminotriazolines 61 (M^, 362-442) (85H1123), 5-styryltria- 
zoline 62 (M^, 381) (84H549), 1- and 1,2-alkoxycarbonyltriazolines 
(Scheme 32) (M'^, 219-247) (74HCA1382), various carbamyl- and thiocar¬ 
bamyl-substituted ring systems (Schemes 21 and 22) (M"", 216-314, 3- 
27%) (84JOC1703), dihydrotriazolo-1,4-benzodiazepine 18 (M"'", 324) 
(79JOC2688), and tetrahydrotriazolo-1,4- and 1,5-benzodiazepines 94 
(M^, 450-523) and 97 (M^, 382, 20%) (85H2051; 86S230). 

In several instances, mass spectral data along with NMR studies have 
been used in structure determination. In the MS of dihydrotriazolopyrim¬ 
idines 43 (Scheme 20) molecular ions are obtained for alt compounds 
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with an intensity (5-41%) that is dependent upon the steric crowding at 
C-2; the abundance of the ions - R' (1-100%) and (1-100%) 

further supports structure 43. The fragmentation pathways have been 
confirmed by the MS of deuterated compounds in which R^ = D or CDj. 
Additionally, triazolopyrimidines 44 (Scheme 20), obtained by aromatiza- 
tion of 43, give intense molecular ion peaks (24-100%), indicating their 
extended conjugation systems compared to the respective triazolines. 
The fragment ion R‘CN (5-38%) appears to be characteristic of the tri¬ 
azole compounds 44, thus providing a means of distinguishing the latter 
from the dihydro structures 43 (81BCJ1767, 81JOC3956; 85CPB2678). 

The 3,3-bis(trifluoromethyl)triazolines in Scheme 33 give characteristic 
mass spectral fragmentations: M^, (M^ - F), (M^ - CFj), (M^ - CF 3 
- CFjCN), (M^ - CF 3 - RCN), (M^ - C.jH.oNj), (RC^N—C^H,)^, 
(CF 3 feN—CfiH,)^, RfeN^, QHjN^, R^, and CF 3 ^ (77ZN(B)607). 

The bicyclic triazoline 114 gives, besides the molecular ion peak at 
mte 351, a peak at mie 248 corresponding to the 1,4-substituted 1,2,4-tri- 
azole-5-thione, formed by loss of phenylisonitrile (mIe 103). In contrast, 
the ring-opened product from 113 decomposes differently in the MS, first 
splitting off its side chain in a stepwise process; this observation provides 
conclusive evidence in the structure determination of 114 (84CCC1713). 
Likewise, in the case of 5-(2-pyridyl)aminotriazoline 6 (Scheme 8 ), the 
fragment ion peaks at m/e 146 (M^ - 2-aminopyridine), m/e 119 (M^ - 
2-aminopyridine - HCN), and m/e 94 (2-aminopyridine). These data, 
along with the MS data for the 4-(2-pyridyl)-1,2,4-triazole, have led to the 
elucidation of structure 6 (70T3069). Similarly, a base peak at m/e 401 
(M^) and the fragment-ion peaks at m/e 324 (M^ - CgHj), 310 (M^ - 
CsHjN), and 298 (M^ - CgH,—CH=CH—) have enabled the identifica¬ 
tion of the l,3,4-triphenyl-5-styryltriazoline 62 (69CC387). 

C. X-Ray Crystallography 

The X-ray crystal structure of 4-benzamido-l-benzoyl-4,5-dihydro- 
1,2,4-triazoline (176) (87AX(C)168) shows the triazoline ring to be essen¬ 
tially planar with a maximum deviation from a least-squares plane 



( 176 ) 
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through the ring of 0.04 A; however, the ring nitrogen atom with the ben- 
zamido substituent is pyramidal. Bond distances and angles are normal; 
an intermolecular hydrogen bond (2.93 A) occurs between the secondary 
amido group and the benzoyl oxygen atom (87AX(C)168). 

X-Ray analysis has been used widely along with NMR spectroscopy in 
the absolute structure determination of 1,2,4-triazolines. In Scheme 16, 
the anomalous ring closure of the nonplanar hydrazone structure upon 
protonation to yield the dihydrotriazolo[3,4-a]phthalazinium cation (bi¬ 
sulfate salt) (80TL209) has been investigated by X-ray diffraction (Fig. 3) 
to gain information on the precise geometry of the two molecules 
(82KGS1100). The length of the N-2—C-10 bond [1.474(15) A], the 
change in the hybridization of the C-10 atom (the sum of the angles at C- 
10 is close to the value for the tetrahedral C atom, 544.9°), and the in¬ 
crease in the length of the N-4—C-10 bond from 1.273(3) A in the hydra- 
zone (Fig. 3a) to 1.474(3) A in the cation (Fig. 3b) all constitute evidence 
that the amidrazone fragment N-2—C-8—N-3—N-4—C-10 in the hydra- 
zone, upon protonation, forms a triazolinium ring rather than undergoing 
a simple change in its conformation with random drawing together of the 
N-2 and C-10 atoms. The N-3 atom in the cation assumes a planar config¬ 
uration while N-4 is pyramidal, the sum of the angles being 359.2 and 
316.6°, respectively. Conversion of the hydrazone to the cation is also 
accompanied by a decrease in the angle at N-4. 

Comparison of the phthalazine ring system itself in the two molecules 
indicates only small changes; the N-1—^N-2—C-8 angle increases slightly, 
while the N-2—C-8—C-7 angle decreases and the N-2—C-8 bond be¬ 
comes only slightly longer. Although the phthalazine system in the cation 
is virtually planar, the cation as a whole is not, due to the bent envelope¬ 
like structure of the triazolinium ring along the N-2—N-4 line. The cation 
and the bisulfate anion in the crystal are connected by hydrogen bonds 
N-4—H--0-1 [2.03(3) A] and N-4 -O-l [2.95(3) A] with the angle N- 
4——O-l equalling 17.1(2)°. The bisulfate anions themselves are joined 
together to form centrosymmetric dimers by means of two hydrogen 
bonds, 0-4—H -0-2' and 0-2 -H—0-4'. 

Single-crystal X-ray structure determination of 51 has confirmed the 
compound to be 7-(methylthio)-2,5,5-trimethyl-l/7,5/7—1,2,4-triazolo 
[l,2-a]-l,2,4-triazole-l,3(2//)-dione. A bent structure is manifested by 
the C-3—N-4—N-8—C-7 torsional angle (- 135.7°). Distinction between 
structure 51 and the alternative 51A by NMR spectroscopy has been un¬ 
successful (84JOC1703). Likewise, X-ray analysis of 15b unequivocally 
identifies the structure as a dihydrotriazoio[4,3-i]pyridazine with the acyl 
group at the N-2 position (85CB5009). X-Ray diffraction has also helped 
to confirm the structure of the 5-(quinazolinylaminophenyl)-A^-l,2,4-tria- 
zoline-l,4-dicarboxylate (R = OEt) in Scheme 38A (83JCS(P1)2003). 
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X-Ray determination of the stereochemistry and regiochemistry of dia- 
stereomer 81 shows that the CHj—S—^Me group and the five-membered 
triazoline ring lie on the same side with respect to the main plane of the 
molecule. As the reaction is regiospecihc, the stereo- and regiochemistry 
of 82 and 80 can also be deduced (86JCR(S)200). 

Using single-crystal X-ray analysis of tetrahydrotriazolo[ 1,5]benzodia- 
zepine 97, the NMR-based structural assignments have been confirmed. 
In addition, the influence of the [a]- fusion of the triazoline ring on the 
conformation of the benzodiazepine system was determined. The seven- 
membered ring adopts a chair conformation, which can be described in 
terms of the dihedral angles between four least-squares planes. More¬ 
over, the angle of 5.2° between plane 3 (three-atom moiety of the seven- 
membered ring, C-3a, C-4, and C-5) and plane 4 [eight atoms (fused ben¬ 
zene ring and N-6 and N-11 atoms)] is indicative of a flattening of the 
chair conformation, which alleviates the unfavorable synaxial interfer¬ 
ence between the 3a-methyl and the 5-methyl groups. The interatomic 
distance between the two groups in the crystal equals 3.23 A, compared 
to ~2.5 A in a Dreiding model of the ideal chair structure. Owing to steric 
inhibition caused by the fused benzene nucleus, the C-1 phenyl ring, 
while rotated from the mean plane of the triazoline ring, the N-3 phenyl 
is nearly coplanar to it. The N-3 atom has an almost planar configuration, 
whereas N-11 shows a flattened pyramidal structure (86JHC1431). 

X-Ray crystal analysis has resolved the ambiguities of interpretation of 
the ‘H-NMR spectral data in the conformational analysis of structures 91 
and 92 (85JST271). X-Ray analysis of three 10-methyl compounds (92a, 
R = p-NOjPh, R‘ = p-ClPh; 92b, R = Ph, R' = p-ClPh; 92c, R = p- 
ClPh, R' = COOEt) basically substantiates the NMR observations. 
Although 92a and 92b assume conformation B, 92c is characterized by 
conformer A, both conformations with cis-X/Y ring junctions (Fig. 1) 
(Section III,B,1). The thiazine ring has only one of the cis inverse forms, 
as shown by the synclinal H-4 (axial)—C-4—S-5—C-5A torsion angles 
(Fig. 4). The rigidity of the X/Y ring annulation hinders inversion of the 
sp^ nitrogen at 3A; the pronounced pyramidality of N-3A is not enough 
to hinder its inversion. 

In accordance with the characteristics of conformer B, the thiazine ring 
in 92a assumes a skew-boat shape shifted somewhat toward the twist- 
boat form, whereas in 92b it has an almost perfect skew-boat conforma¬ 
tion. The Cremer-Pople puckering parameters (<|) = 89-96° and 6 = 
69-77°) and the asymmetry factors for these conformations indicate a less 
(92a) and a more (92b) perfect symmetry axis bisecting the C-4—S-5 
bond. Thus, the c/j-fused triazoline ring with its N-2—C-3 double bond 
has an envelope conformation in 92a with the C-10 on the flap, but a half¬ 
chair conformation in 92b with a twofold axis bisecting C-3. Together, 
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Fig. 4. Conformations for 3-(p-chlorophenyl)-Ar'-(p-nitrophenyl)- (92a), 3-(p-chlorophe- 
nyD-N'-phenyl- (92b), and 3-ethoxycarbonyl-)V‘-(p-chlorophenyl)-10-methyldihydrotriazo- 
lobenzothiazines (92c) deduced from X-ray analysis (85JST27I). 


these differences result in the best plane of the triazoline ring being per¬ 
pendicular to that of the benzothiazine moiety [89.3(2)°] in 92a, but 
slightly deviating in 92b [76.7(1)°]. Consequently, the 10-methyl group is 
nearer to an equatorial orientation to the thiazine ring in 92a than in 92b, 
the exocyclic torsion angles, C-11—C-10—C-9A—C-5A, being 172.3(11)° 
and 153.4(4)°, respectively. Also, the H--H interactions between the 10- 
Me and one of the ortho hydrogen atom of the 1-aryl moiety are much 
weaker (2.69 A for 92a and 2.91 A for 92b) and those between H-9 and 
the 10-Me are much stronger (2.11 and 2.07 A, respectively) than that 
expected from the NMR-based model B. 

When the 3-aryl substituent is replaced by a COOEt group as in 92c, 
the flexible thiazine ring moves via pseudorotation from the skew-boat/ 
twist-boat form to an intermediate shape between a half-chair and an en¬ 
velope conformation (<() = 45.5° and 0 = 52.8°) with the lowest puckering 
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amplitude (0 = 0.53A) among all three structures (92a-c). This is accom¬ 
panied by an inversion of N-1 together with the triazoline ring, cw-annu- 
lated to ring X (Fig. 4). The inverse triazoline ring maintains its envelope 
shape with C-10 on the flap, but the endocyclic torsion angles bear the 
opposite sign to those of 92a. As a result, C-11 (of the 10-Me group) gains 
an increased pseudoaxial -> axial orientation, while N-1 is shifted into a 
pseudoequatorial —> equatorial position as seen from the torsion angles 
and Newman projections. Thus, as expected from model A (Fig. 1), the 
H-4 (equatorial) comes close to the 3-COOEt with a measured H“'0 dis¬ 
tance of 2.44 A and not 1.5 A as calculated from the NMR model. Simul¬ 
taneously, the H-4 (axial) approaches a proton of the quasi-axial 10-Me 
group (H-4a™H—C-11^ = 2.34 A), which moves away from H-9, the short¬ 
est H"*H being 2.37 A. This is also concomitant with an approach be¬ 
tween the 1-aryl, H-9, and terminal part of the 8-OMe; the distance from 
the center of the 1-phenyl ring to H-9 (4.86 and 3.93 A) and to C-15 (of 8- 
OMe) (6.57 and 5.37 A) in 92a and 92b, respectively, comes within 2.89 
and 3.97 A in 92c. 


D. Other Physical Properties 

The thermostability of 3-(2-furyl)-5-ethoxy-l,2,4-triazoline (Scheme 6) 
has been investigated by thermogravimetric (TGA) and differential ther¬ 
mal (DTA) analysis (71BCJ780). An endothermic peak at 128'’C in the 
DTA curve coincides with the melting point of the triazoline, whereas 
two exothermic peaks, at 151 and 254‘’C, respectively, correspond to the 
two stages of weight reduction in the TGA curve. The initial 20% weight 
loss corresponds to the loss of an ethanol molecule from the triazoline 
(theoretical, 20.3%); the second stage of weight reduction agrees with the 
decompiosition point of the triazole during pyrolysis. 

TGA of polytriazolines 4 of low thermal stability indicates weight 
losses in air and in nitrogen, commencing at 280 and 400'’C, respectively 
(70MI1). 


IV. Reactivity of 1,2,4‘Triazolines 

Reactivity is discussed in terms of reaction types; no attempt is made 
to subdivide reactivity between ring atoms and substituent groups, be¬ 
cause in many instances reactions of substituent groups are intimately 
associated with changes in the ring itself. 
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A. Aromatization to Triazoles 

The partially reduced, nonaromatic 1,2,4-triazolines are relatively un¬ 
stable molecules. In this respect they resemble the 1,2,3-triazolines 
(84AHC217), and, as such, are readily aromatized to the stable triazoles 
by oxidation, isomerization reactions, or elimination of stable molecular 
fragments. Oxidative dehydrogenation reactions leading to triazoles usu¬ 
ally require two free hydrogen atoms in adjacent positions on the ring; 
when they are not adjacent or when only one hydrogen atom is present, 
acidic oxidizing agents cause hydride ion abstraction and triazolium salt 
formation. For other aromatization reactions, at least one hydrogen in a 
position adjacent to that of the expelled fragment is required. Triazoline 
aromatization is a highly recognized synthetic route for the preparation 
of 1,2,4-triazoles. 

1. Oxidative Dehydrogenation Reactions 

Several oxidizing agents including air are known to effect triazoline 
aromatization to triazoles. Triazolines 36 in Scheme 18 are oxidized with 
elimination of water (36b) or methanol (36a and c), slowly in air but quan¬ 
titatively upon heating for 4 hr at 100°C, to yield the 1,3,5-substituted 
triazoles. Steric stresses caused by the tert-butyl group in 36d lead to 
rapid aromatization with elimination of tert-huiyl alcohol, which makes 
impossible the isolation of the free triazoline base (84KGS1415). Simi¬ 
larly, air oxidation of 4-benzylideneaminotriazoline 58 (Scheme 26) at 
185°C results in 1,3,5-triphenyltriazole 59 (84ZOR659). The dihydrotria- 
zolobenzodiazepine 18 becomes susceptible to air oxidation and yields 
the triazole when the N—CHj group is replaced by hydrogen atom 
(79JOC2688). The tricyclic triazolinium salt 124 in Scheme 39 is likewise 
converted to the triazolium salt 125 by autoxidation when R = H 
(84TL65). 

The dihydrotriazolopyrimidine-8-carboxylates 43 (R^ = H, R'' = 
COOEt) (Scheme 20) undergo spontaneous dehydrogenation during syn¬ 
thesis which requires heating the reaction mixture in 1-butanol, DMF, 
dioxane, or pyridine. Moderate yields of the triazolopyrimidines 44 are 
obtained (R'' = COOEt) (81JOC3956). Likewise, dihydrotriazolopyrimi- 
dines 43a (R^ = H) with a 5-amino substituent lead to 5-aminotriazolo 
compounds 44a in the presence of triethylamine (85CPB2678). DMSO 
functions as an exceptionally mild oxidizing agent in the conversion of 
the 8-cyano compounds 43 (R^ = H, R"* = CN). The oxidation can be 
performed by simply leaving a solution of the triazoline in DMSO to stand 
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in an open vessel at ambient temperature, whereupon the relatively insol¬ 
uble triazole will crystallize (81BCJ1767). Dehydrogenation of 43 and 43a 
could also be achieved with iron(III) chloride in aqueous acetic acid 
(81BCJ1767: 85CPB2678) or iodine in ethanol (85CPB2678), but with 
yields varying over a wide range. The oxidation reaction provides a one- 
step synthesis for the preparation of 2,5-disubstituted 8-cyano(ethoxycar- 
bonyl)-l ,2,4-triazolo[l ,5-c]pyrimidines. 

Potassium permanganate oxidation in dilute acetic acid has been used 
to provide proof of formation of a cyclic product in the amidrazone-alde- 
hyde cyclocondensation reactions in Scheme 4 (64CR6470). Dehydroge¬ 
nation of both mono- (Scheme 4) (70JHC1001) and bistriazolines (Scheme 
7) (71JHC1043) has been effected using 10% palladium on carbon and, 
despite the low yields, used as proof in structure determinations. Oxida¬ 
tion of 5-styryltriazolines 62 (R = Ph, R' = t- Bu) with loss of tert-butyl 
groups occurs upon chromatographic treatment on a silica column and 
leads to 5-styryltriazole, but alumina has no effect (84H549). The aromati- 
zation is also effected by acid hydrolysis, although the triazole is mixed 
with the aldehyde, PhCH=CHCHO, formed from the accompanying ring 
cleavage reaction (84H549) (Section IV,B,1). 

Quinones are efficient oxidizing agents. Several A^-l,2,4-triazolinium- 
3-sulfonates 38 (R' = H, Scheme 19) can be converted to the respective 
triazolium compounds (177) by p-benzoquinone (77LA463). Chloranil 
(2,3,5,6-tetrachloro-p-benzoquinone) and DDQ (2,3-dichloro-5,6-dicya- 
no-p-benzoquinone) effect the oxidation of dihydrotriazoloquinolines 
and -isoquinolines in Scheme 29A; these do not have a free hydrogen on 
the nitrogen atom and yet good yields of triazoles 178 and 179 are ob¬ 
tained. Apparently, the phenylsulfonyl group is a good leaving group and 
provides the driving force for the oxidation. Benzenesulfonates of the re¬ 
duced forms of DDQ and chloranil are formed and isolated which indi¬ 
cates benzenesulfinic acid is generated during the oxidation reaction 
(80BCJ2007). 



(177) (178) (179) 

Triazoline ring systems bearing only a single hydrogen on the ring, 
when oxidized under acidic conditions at low temperature, lead to triazol¬ 
ium salts by hydride abstraction. Higher temperatures lead to ring cleav- 
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age (Section IV,B) (67TL3071; 68G511). Thus, perchloric acid oxidation 
of mono- and bistriazolines results in the respective triazolium perchlo¬ 
rates (e.g., 180, Scheme 54) (69G69). Similar results are obtained in the 
chromium trioxide-acetic acid oxidation of fused ring triazolines (181, 
Scheme 54) (67TL3071; 68G511). Likewise, tropilium tetrafluoroborate 
treatment yields triazolium tetrafluoroborates 182 (Scheme 54) 
(69CB3176), and hydride abstraction from triazolines 25 and 26 (R‘ = 
H) by triphenylmethyl perchlorate leads to the triazolium salts 27 and 28 
(Scheme 17) (67TL4337). 




r1 

(180), X = CIO 4 " 
(182), X = BF 4 ,- 




2. HC104 


R = Ph, or COR or COOEt 

Scheme 54 


(181) 


0104" 


2. Elimination of Stable Fragments 

Aromatization to triazoles by the elimination of stable molecules is 
common among the 1,2,4-triazolines. The reaction occurs spontaneously 
or under the influence of heat, acid, or base, which invariably forms part 
of the reaction conditions under which the triazoline synthesis usually 
takes place. Thus, in many cases, the only reaction products are triazoles. 

Cycloaddition of diphenylnitrilimine to oximes, hydrazones, and imi- 
dates seldom yields the 4-hydroxy- (54), 4-amino- (55), or 5-alkoxytriazo- 
lines (56). The latter aromatize by the spontaneous loss of a molecule of 
water, amine, or ethanol, and the isolated reaction products are triazoles 
(65CB642). Loss of ethanol from the 3-(5-nitro-2-furyl)-5-ethoxy-l,2,4-tri- 
azoline in Scheme 6 occurs at 128-154°C or in dilute sulfuric acid, but not 
under the refluxing temperature (110-120°C) of ethyl orthoformate or 2- 
methoxyethanol. However, when heated in an excess of ethyl orthofor- 
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mate, the triazoline yields the bistriazole (Scheme 6 ) (71BCJ780). The 
triazole in Scheme 11 is formed by loss of a molecule of thiol 
(79CCC1334), whereas that in Scheme 9 is obtained by the acid-induced 
dehydration of the intermediate 5-hydroxytriazoline (77JHC1089). Acid 
treatment of 5,5-dimethoxytriazoline 157 likewise yields the triazole-5- 
one (Scheme 55) (80T1649). The tetra- and tricyclic triazolines 132 and 
133 lose HjS or S, respectively, in refluxing xylene to yield triazolopyridi- 
nones 134 in reasonably good yield (Scheme 42) (79JOC3803). 


ji LoMe 

Ph 

(157) 


PhCHgCOOH 
— MeOH 



+ PhCHgCOOMe 


Scheme 55 

Examples of elimination of tertiary alkyl- and arylamine fragments 
from 5-amino-substituted triazoline intermediates are outlined in Scheme 
15 (79JHC555) and Scheme 24 (80JHC311), respectively. In Scheme 8 , a 
heteroarylamine molecule (e.g., 2 -aminopyridine) is lost from triazoline 6 
in refluxing ethanol (70T3069). The simultaneous formation of triazole 59 
and triazoline 60 in Scheme 26 is a unique case of aromatization of a 
bistriazoline by the thermally induced expulsion of a molecule of triazo¬ 
line (65CB642) and may be likened to the elimination of an amine frag¬ 
ment in triazole formation. Similarly, triazoline 111 loses propionic acid 
in refluxing xylene (77JOC443). The thermally induced elimination of ben- 
zenesulfinic acid from dihydrotriazoloquinoline and dihydrotriazoloiso- 
quinoline (Scheme 29A) is effected similarly by refluxing the triazolines 
in dioxane or CCI 4 ; the resulting products are identical to triazoles 178 
and 179 obtained in the DDQ or chloranil oxidations (Section IV,A,1) 
(80BCJ2007). On the other hand, hydrolytic removal of the formyl group 
in triazolinium salt 124 is readily achieved during aqueous work-up of the 
reaction mixture in the cold (Scheme 39) (84TL65). 

An interesting case of double fragment elimination of benzenesulfinic 
acid along with an amine molecular moiety is seen in the reaction of N- 
substituted benzamidines and 2 -aminopyridines (or -pyrimidines), respec¬ 
tively, with N-(phenylsulfonyl)benzhydrazidoyl chloride (Scheme 24A). 
The fragment elimination pattern is determined by the nature of the R 
substituent oh the ring nitrogen of the transient triazoline intermediate 
(Scheme 56). An analogous reaction takes place with benzimidates, an 
alcohol fragment being expeUed in place of the amine molecule. This reac¬ 
tion scheme serves as a simple synthetic procedure for the preparation of 
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X = CH, pyridine 
X = N, pyrimidine 


Scheme 56 


1,2,4-triazolopyridines and -pyrimidines (183), which are reported to be 
useful as anticonvulsants and as tranquilizers (77BCJ2969). 

Aromatization by deacetylation has been observed under the influence 
of acetic anhydride, according to the mechanism outlined in Scheme 57 



Scheme 57 
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(75JCS(P1)1433). Another interesting case of aromatization involves the 
formation of triazolethiones 184 by loss of phenylisonitrile from the fused- 
ring triazolines 114 in Scheme 38 when subjected to acid hydrolysis 
(84CCC1713). 


N-NR 



NH-COCH^ 

(184) 

A special case of aromatization of a tricyclic triazoline resulting from 
elimination of an acetone molecule is outlined in Scheme 14 (78JHC16I). 
Another unusual aromatization reaction by pyrolytic elimination of meth¬ 
ane occurs among the dihydrotriazolopyrimidine-8-carboxylates 43 when 
= CHj. The reaction is facilitated by hot pyridine and even the loss 
of a benzene molecule could be induced when = Ph. The driving force 
of elimination of R^H may be establishment of an extended conjugation 
system over two heteroaromatic rings and/or release from steric crowding 
at C-2 (81JOC3956). 

3. Isomerization Reactions 

Closely related to aromatization by elimination of stable molecular 
fragments are the isomerization reactions of fused-ring triazolines leading 
to triazoles. The bicyclic triazolines 112 in Scheme 37 undergo isomeric 
ring opening at the N—N bond to yield the 5-substituted triazoles in 64- 
70% yield (76CPB2568). Compounds 113 and 114, although both primary 
cycloadducts, tend to aromatize. This is assisted in 113 by the steric con¬ 
gestion on N-1 and N-6. The triazole structure is established from NMR 
spectroscopic and chemical hydrolysis data (84CCC1713). Cycloadducts 
128 in Scheme 40 readily rearrange to yield triazolopyridines 129; an ini¬ 
tial ring opening with subsequent six-membered ring closure has been 
postulated (83JCS(P2)13I7). Similarly, the unstable bicyclic triazoline in 
Scheme 41 yields the 5-substituted triazoles by C—N bond fission 
(8IT2805, 81T28I1). 


4. Retro Diels-Alder Reactions 

Diels-Alder type cycloreversions, although frequently observed among 
the bi- and tricyclic 1,2,3-triazolines (84AHC217), are not common among 
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the 1,2,4-ring systems. In one recorded case, azomethine ylides of the 
mesoionic oxazolone type (185) react with benzenediazonium fluorobo- 
rate at room temperature with evolution of carbon dioxide. The interme¬ 
diate cycloadduct 186 undergoes a Diels-Alder cycloreversion, which is 
finished in 2 min. The product has been identified as the triazolium salt 
187 (84TL65). 



B. Ring Cleavage Reactions 

1. Hydrolytic Cleavage by Acids: A Synthetic Route to 
Aldehydes 

1,2,4-Triazolines are not stable under acidic conditions: Acid hydroly¬ 
sis causes decomposition of the triazoline ring system to yield aldehydes. 
The reaction has been developed into a synthetic route for aldehydes. 
There is no need to isolate or purify the triazoline. The reaction mixture 
resulting from sodium borohydride reduction of the triazolium salt (see 
Scheme 44) (Section II,C,1) is usually decomposed directly by acid to 
yield the aldehyde. Several convenient procedures have been developed 
for the synthesis of the triazolium salts themselves, and because the 5-R 
substituent is introduced by employing carboxylic acids, acid chlorides, 
or alkyl halides (see Scheme 44), the reaction affords a very simple, effi¬ 
cient, and selective method for the transformation of these functionalities 
to aldehydes. Generally, the yields are in the range 40-80%, based on the 
acid, acid chloride, or alkyl halide. Because of the high selectivity of the 
borohydride reduction of triazolium salts, aldehydes that contain double 
bonds; halogen, nitro, keto, or ester substituents; or one or two side 
chains on the a-carbon; or aldehydes that are alicyclic, have all been syn¬ 
thesized. The method is also suitable for the conversion of dicarboxylic 
acids to aldehydic acids (see Table VII) (76T2549). 

Aldehyde synthesis by triazoline acid hydrolysis has advantages over 
the Meyers procedure (72JA3243; 73JOC36; 75JOC2021), in view of the 
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TABLE VII 


Decomposition of Triazolines 141 to 
Aldehydes 


R 

Yield (%)» References 

Me 

>55 

74TL2649 


45 

75TL1889 

Et 

52 

75TL1889 


90 

76T2549 


47 

75TL681 

Pr 

72 

76T2549 


31 

75TL681 

i-Pr 

87 

76T2549 


34 

75TL681 

/i-Bu 

79 

75TL1889 

f-Bu 

75 

76T2549 


32 

75TL681 

Cyclopropyl 

63 

76T2549 

Cl(CH,)j- 

30 

75TL681 

Cl(CH,),- 

61 

76T2549 

MeOOCCjH4- 

29 

75TL681 

MeOOCC^Hg- 

64 

76T2549 

EtOOCICHj),- 

46 

74TL2649 

ClCHjCHzCOOMe- 

30 

75TL1889 

BrlCHjIjCI- 

26 

75TL1889 

Ph 

90 

74TL2649 

PhCH^Cl- 

44 

75TL1889 

2-MeCeH4- 

78 

76T2549 

4-ClCeH4- 

81 

76T2549 

4-N0,C«H4- 

91 

76T2549 

4 -MeOOCC»H4- 

66 

74TL2649 


77 

76T2549 

3,4.5-(MeO)3C4Hj- 

91 

76T2549 

PhCH = CH- 

83 

74TL2649 

i4-CeH4< 

55 

74TL2649 


“Based on the carboxylic acid, acid chloride, or alkyl 
halide. 


simplicity of both the preparation and reduction of the triazolium salts 
(Scheme 44) (76T2549). Decomposition by warm aqueous sulfuric acid or 
cold aqueous formaldehyde-hydrochloric acid yields the desired alde¬ 
hyde (74TL2649). Based on the ability of the easily accessible anhydro 
bases 140 to undergo ready C-alkylation, a novel method for the synthesis 
of aldehydes (RCHO, with R = R'R^R’C-) has been devised, starting with 
carboxylic acids, acid chlorides, or alkyl halides. In general, the C-alkyl- 
ated triazolium salts can be reduced, without purification, with aqueous 
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sodium borohydride and the resulting triazolines 141 (Scheme 44) cleaved 
with acid to yield the aldehydes (75TL681). Similarly, alkylation of the 
nucleophilic carbene 139 (Scheme 44) with alkyl halides provides the tria- 
zolium salts 138, which are reduced and hydrolyzed to the corresponding 
aldehydes (75TL1889). This procedure, which is an alternative to the 
Corey aldehyde synthesis (65AG(E)1075,65AG(E)1077), does not require 
an inert gas atmosphere, and in the final step the aldehyde is liberated by 
simple acid treatment. 

In addition, this synthetic scheme offers a mild reaction route for the 
degradation of a-hydroxy acids to the corresponding aldehydes contain¬ 
ing one less carbon atom or for their conversion to aldehydes with the 
same number of carbon atoms. For example, reaction of 1,4-diphenylthio- 
semicarbazide with a-acetoxyacyl chlorides yields 5-(a-hydroxyalkyl)- 
1,2,4-triazolium salts, which, upon sodium hydride reduction and acid 
treatment, give benzaldehyde along with 138 (R = H) (Scheme 58) 
(75TL1889). Moreover, the 5-(a-hydroxyalkyl)-l,2,4-triazolium salts can 
be easily converted to the 5-alkyl compounds (Scheme 58) and borohy¬ 
dride reduction of the latter followed by acid hydrolysis provides a 
method for the transformation of a-hydroxy acids to aldehydes with the 



HCHO 


II <;KI. NaHSO ^ jj 

’ MeS CH MeS 


Scheme 58 
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same number of carbon atoms (80TL4183). On the other hand, the reac¬ 
tion of triazolium salt 138 (R = H) with aliphatic aldehydes also yields 
the 5-(a-hydroxyalkyl)-l,2,4-triazolium salts, and, based on this reaction, 
a method has been devised for lengthening the carbon chain of the result¬ 
ing aldehydes by one CHj group as compared to the starting aldehydes 
(Table VIII) (Scheme 58) (80TL4183). 


2. Oxidative Ring Cleavage 

Oxidation of triazolines could lead to aromatization or ring cleavage, 
depending on reaction conditions, ring substitution, and steric stresses of 
the molecule. Oxidation of triazolines bearing two free hydrogen atoms or 
a hydrogen atom along with an easily displaceable alkyl group in adjacent 
positions usually results in aromatization to triazoles by loss of water or 
alcohol (Section IV,A,1). However, when the triazoline contains only a 
single hydrogen atom in the 5-position or when the second hydrogen atom 
is not adjacent, oxidation leads to ring cleavage reactions through the 
intermediacy of unstable 5-hydroxytriazoIines that cannot be stabilized 
by aromatization or through the formation of triazolium salts susceptible 
to nucleophilic attack. The type of ring opening is determined by the reac¬ 
tion conditions and the nature and position of the substituent groups, par¬ 
ticularly those in the 3-position of the triazoline ring. (To avoid confusion 
in referring to the 3-position in the different fused ring systems, the num¬ 
bering takes into account only the triazoline nucleus.) 


TABLE VIII 


Reaction of Triazolium Salt 138 with Aliphatic Aldehydes" 


RCHjCHO 

Yield (%) 

RCHjCOOH Yield (%) 

YNjho 

72 

Y^COOH 75 

AA/V™° 

53 


. ,CH0 

yxAyV 

57 

OHe 

/wvwvWv' 

3H0 41 

V * A * A A A * .COOH 37 

/WVv=AA/W 


“See scheme 58. Data from (80TL4I83). 
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a. Oxidation by Oxygen in Organic Solvents: C—N Bond 
Cleavage via 5-Hydroxy triazolines. Triazoline oxidation with ox¬ 
ygen in organic solvents yields 5-hydroxytriazolines that subsequently 
undergo ring-opening reactions at the C-5—N-4 or N-1 bond to give N- 
acylamidrazones. Under neutral oxidation conditions, 5-hydroxylation is 
the favored reaction, regardless of the 3-substituent group. This is exem¬ 
plified by the oxidation of 1,4,5-substituted 3-acetyltriazolines as outlined 
in Scheme 59(69CB 1028), as well as by the air oxidation of dihydrotriazolo- 
benzodiazepine 18 in wet ethyl acetate-chloroform to give 38% yield of 
the A^-acylamidrazone 19 (79JOC2688). 



b. Oxidation by Acidic Oxidizing Agents Followed by Nu¬ 
cleophilic Attack. Triazolium salts are obtained from triazolines by 
oxidation with acidic oxidizing agents (Section IV, A, 1). Subsequent treat¬ 
ment with alkali leads to either C—N or N—N bond cleavage, depending 
on the 3-substituent. While a 3-aryl or -alkyl group causes C-5—^N-1 or 
—N-4 bond opening, the presence of a 3-acyl or 3-alkoxycarbonyl or the 
absence of 3-substitution brings about N—N bond cleavage. 
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i. C —N Bond cleavage via 3-aryl-substituted triazolium 
salts. The triazolium salts resulting from oxidation of 3-aryltriazolines 
are highly susceptible to nucleophilic attack by hydroxide ion on the het¬ 
erocyclic ring carbon. The 5-hydroxytriazoline intermediates thus formed 
undergo C—N bond cleavage similar to that of the 3-acetyl-5-hydroxytria- 
zolines shown in Scheme 59. Three typical cases are illustrated in Scheme 
60, leading to N-acyl- (188-189) or N-formyl- (190) amidrazones 
(69CB3176, 69G69). N-Formylhydrazinoazines 191 are the products of 
oxidation of 5-unsubstituted 4-arylideneaminotriazolines 58, also by way 
of the 5-hydroxytriazolines (75JCS(P1)2474). The N-formylamidrazones 
190 provide convenient building blocks for the synthesis of 2-arylazo het¬ 
erocycles in 80-100% yield (69CB3176). 


ii. N—N Bond cleavage via 3-acyl, 3-alkoxycarbonyl, or 3- 
unsubstituted triazolium salts: N-Cyanamidine synthe¬ 
sis. When the 3-substituent is an acyl or alkoxycarbonyl or when there 
is no 3-substitution, the N—N bond is cleaved giving rise to N-cyanami- 
dines 192 and 192a (Scheme 61) (68G511). Unlike the 3-aryltriazolium 
salts in Scheme 60, the compounds in Scheme 61 do not yield hydroxy tri¬ 
azoline intermediates; while proton abstraction prevails in the 3-unsubsti- 
tuted salts, in the 3-acyl and 3-alkoxycarbonyl compounds, nucleophilic 
attack by hydroxide ion occurs preferentially on the carbonyl carbon of 
the 3-substituent groups, leading to their elimination (69G69). Thus, treat¬ 
ment of the appropriately substituted triazolium salts with dilute sodium 
hydroxide followed by heating provides a high-yield route for the synthe¬ 
sis of M-cyanamidines, both simple (192) as well as those incorporating a 
heterocyclic ring system (192a) (69G69). 

As shown in Scheme 59, in the absence of a nucleophilic reagent, the 
3-acetyl-5-hydroxytriazolines undergo ring opening at the C—N bond, 
similar to the 3-aryl analogues in Scheme 60. Under acidic conditions, 
however, the triazolium salts formed from the 3-acetyl-5-hydroxy com¬ 
pounds yield A-cyanamidines by N—N bond cleavage (Scheme 59) 
(69CBI028), similar to 180 (R = COOEt or COMe) in Scheme 61. N- 
Cyanamidines also result directly when the 3-acetyltriazolines in Scheme 
59 are reacted with oxygen in chloroform solution or indirectly via N— 
ring opening to a tribromo compound and reduction of the latter to the 
triazolium salt (69CB1028). 

Similar reaction paths have been suggested to rationalize the formation 
of heterocyclic substituted arylcyanamides 194 in the high-temperature 
reactions of pyridine, quinoline, and isoquinoline, respectively, with C- 
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TRIAZOLINE 



Scheme 60 



268 


PANKAJA K. KADABA 


[Sec. IV.B 



Scheme 61 

ethoxycarbonyi-A^-arylhydrazidoyl chloride. Elimination of the ethoxy- 
carbonyl group from the triazolium salt is effected by the heterocyclic 
base in place of the hydroxide ion, and the exocyclic cyano derivative 
194 is obtained by thermal isomerization of the .iV-cyanoquinoline com¬ 
pound 193, as outlined in Scheme 62 (67TL3071; 68G511). 



Sec. IV.C] 


1,2,4-TRIAZOLINES 


269 



quinoline 

(Nu~) 



Scheme 62 


C. Other Reactions 

1 . Oxidation by Acidic Oxidizing Agents Followed by 
Electrophilic Attack 

The CH hydrogen adjacent to the positively charged nitrogen in quater¬ 
nary triazolium salts is known to exchange for deuterium (66CB2017), 
thus allowing triazolium salts to react with electrophiles. Unlike the reac¬ 
tions of nucleophiles, electrophilic attack does not lead to ring cleavage. 
The triazolium salt resulting from the oxidation of dihydrotriazoloisoqui- 
noline reacts with phenyl isothiocyanate or benzothiazolium tetrafluoro- 
borate, in the presence of triethylamine, as outlined in Scheme 63 
(69CB3176). 

A methyl group in place of the CH hydrogen is also sufficiently reactive 
and undergoes electrophilic attack by quinolinium salts as shown in 
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73 % 

Ar = CgH^GH^(p) 


Scheme 63 

Scheme 64 to afford enamine compounds. The latter are isolated as the 
perchlorate salts by treating the reaction mixture with lithium perchlorate 
and water (69CB3176). 


2. Alkali-Induced Reactions 

a. Dealkoxycarbonylations with Double Bond Isomeriza¬ 
tion. l,2-Ethoxycarbonyl-A^-l,2,4-triazolines containing no phenyl 
substituent in the 5-position, when refluxed in 0.2-0.4 M aqueous etha- 
nolic potassium hydroxide, undergo saponification with decarboxylation 
to give the isomeric A^-triazoline-l-carboxylates. On the other hand, un¬ 
der the same conditions, the 5-phenyl-l ,2-ethoxycarbonyltriazolines yield 
the triazoles. In 10 M aqueous potassium hydroxide, compounds with 
either type of 5-substitution yield the triazole (Scheme 32) (74HCA1382). 
Likewise, 10% aqueous methanolic solution of sodium hydroxide effects 
demethoxycarbonylation with simultaneous isomerization of 4-methoxy- 
carbonyl-ALtriazoline 49 to the A^-compound (49a) in quantitative yield 
(Scheme 22) (84ABC2913, 84JOC1703). 
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Scheme 64 


b. Intramolecular Cyclizations to Fused-Ring Systems. 
Reaction of 4-inethoxycarbonyltriazoline 49b, unlike that of 49, with 10% 
aqueous methanolic sodium hydroxide effects not only the removal of the 
methoxycarbonyl group but also the simultaneous intramolecular cycliza- 
tion of the triazoline to the fused heterocycle 50 in 93% yield (Scheme 
22) (84JOC1703). Treatment of 3-acetyl-4-(2-acetylaminophenyl)triazoline 
195 with boiling 2 N aqueous methanolic sodium hydroxide results in loss 
of the N-acetyl group with subsequent intramolecular cyclization to a tri¬ 
cyclic system (196). Oxidation of the latter by oxygen yields the re¬ 
arranged dihydrotriazolobenzimidazole 198 via the intermediate hydroxy- 
triazoline 197. The primary amino group resulting from the hydrolytic 
cleavage of the C=N bond of the pyrazine ring attacks the C-1 position 
in the hydroxytriazoline intermediate with elimination of a molecule of 
water (Scheme 65) (69CB1028). 

3. 1 J'-Carbonyldiimidazole-Induced Cyclization Reactions 

Transformation of 1-carbamyltriazolines 49a to fused-ring systems (51) 
has been achieved through cyclization reaction with 1,1'-carbonyldi- 
imidazole at 120°C for 1 hr (Scheme 22) (84ABC2913, 84JOC1073). 
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Scheme 65 


4. Acid Hydrolysis 

Although acid treatment of triazolines generally leads to aromatization 
to triazoles or ring cleavage with aldehyde formation (Sections IV,A, 1 
and IV,B,1), in one recorded case hydrolysis of the fused-ring compound 
76 by a 1:1 mixture of phosphoric acid and acetic acid left the triazoline 
ring unaffected; the reaction is confined to the substituent group as evi¬ 
denced by product analysis (199) (85H2183). 



(199) 

5. Photolytic Reaction with Trifluoro Acetate 

Photolysis of l-ethoxycarbonyl-5, 5-dimethyl-3-phenyl-A^-l,2,4-triazo- 
line (Scheme 32) in benzene in the presence of oxygen and methyl triflu- 
oroacetate gives the 5-methoxy-2,2-dimethyl-4-phenyl-5-trifluoromethyl- 
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3-oxazoline (200). 5,5-Dimethyl-3-phenyl-l,2,4-triazole seems to be the 
intermediate, which upon losing nitrogen gives the benzonitrileisopropyl- 
ide (Scheme 66) (74HCA1382). 



( 200 ) 


Scheme 66 


6. Ring Alkylation Reactions 

Regioselective N-(2)-methylation of triazoline 50 has been attained us¬ 
ing a solution of diazomethane in chloroform; the N-methyl derivative 
(51) is obtained in 84% yield (Scheme 22) (84JOC1703). 

Likewise, alkylation of 2,3,5,5-tetramethyltriazoline 36a with methyl 
iodide occurs exclusively at the N-4 position to yield the pentamethyltria- 
zolinium iodide 201 (84KGS1415). 


_NH 


GH 

CH 


3 

3 


( 201 ) 

Aldehydes react with triazolinium-3-sulfonates 38 to afford 1-hydroxy- 
alkyltriazolinium-3-sulfonates 202 (77LA463). 
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matic compounds, 16, 123 
in imidazole chemistry, 12, 103; 27, 241 
in indolizine chemistry, 23, 103 
in oxazole chemistry, 17, 99 
in pyiTolizidine chemistry, 5, 315; 24, 
247 

in selenophene chemistry, 12, 1 
t-Amino effect, 14, 211 
A-Aminoazonium salts, A-imines and, 29, 
71 

Aminochromes, 5, 205 
4-Amino-l,2,3-triazoles, 40, 129 
Anils, olefin synthesis with, 23, 171 
Anionic o-adducts of heterocycles, 34, 305 
Anions, ring-opening of five-membered 
heteroaromatic, 41, 41 
Annelation of a pyrimidine ring to an ex¬ 
isting ring, 32, 1 


Annular nitrogens of azines with elec¬ 
trophiles, reactions of, 43, 127 
Annulenes, A-bridged, cyclazines and, 22, 
321 

Anthracen-l,4-imines, 16, 87 
Anthranils, 8, 277; 29, 1 
Applications 

of the Hammett equation to heterocyclic 
compounds, 3, 209; 20, 1 
of mass spectral techniques and stereo¬ 
chemical considerations in carbohy¬ 
drates and other oxygen heterocy¬ 
cles, 42, 335 

of NMR spectroscopy to indole and its 
derivatives, 15, 277 

of phase-transfer catalysis to heterocy¬ 
clic chemistry, 36, 175 
Arene oxides, chemistry of, 37, 67 
Aromatic azapentalenes, 22, 183 
Aromatic quinolizines, 5, 291; 31, 1 
Aromatic six-membered nitrogen heterocy¬ 
cles, regioselective substitution in 44, 
199 

Aromaticity of heterocycles, 17, 255 
Aza analogs of pyrimidine and purine 
bases, 1, 189 

4-Azaazulenes, chemistry of, 43, 35 

7- Azabicyclo[2.2. l]hepta-2,5-dienes, 16, 

87 

l-Azabicyclo[3.1.0]hexanes and analogs 
with further heteroatom substitution, 
27, 1 

Azapentalenes, aromatic, chemistry of, 22, 
183 

Azaphosphorines, chemistry of 43, 1 

8- Azapurines, chemistry of, 39, 117 
Azines 

reactions of annular nitrogens of, with 
electrophiles, 43, 127 
reactivity with nucleophiles, 4, 145 
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theoretical studies of, physicochemical 
properties and reactivity of, 5, 69 

Azinoazines, reactivity with nucleophiles, 
4, 145 

Aziridine intermediates, synthesis of natu¬ 
ral products via, 39, 181 

1-Azirines, synthesis and reactions of, 13, 
45 

Azocines, 31, 115 

Azodicarbonyl compounds in heterocyclic 
synthesis, 30, 1 

Azoles, basicity and acidity of, 41, 187 

Azomethine ylide chemistry, recent ad¬ 
vances in, 45, 231 


B 

Barbituric acid, recent progress in chemis¬ 
try of, 38, 229 

Base-catalyzed hydrogen exchange, 16, 

1 

Basicity and acidity of azoles, 41, 187 
I-, 2-, and 3-Benzazepines, 17, 45 
Benzisothiazoles, 14, 43; 38, 105 
Benzisoxazoles, 8, 277; 29, 1 
Benzoazines, reactivity with nucleophiles, 
4, 145 

Benzo[c]cinnolines, 24, 151 
1,5-Benzodiazepines, 17, 27 
Benzo[ft]furan and derivatives, recent ad¬ 
vances in chemistry of. Part I, occur¬ 
rence and synthesis, 18, 337 
Benzo[c]furans, 26, 135 
Benzofuroxans, 10, 1; 29, 251 
2//-l-Benzopyrans (chrom-3-enes), 18, 159 
1,2- and 2,1-Benzothiazines and related 
compounds, 28, 73 
1,4-Benzothiazines and related com¬ 
pounds, 38, 135 

Benzo[I»]thiophene chemistry, recent ad¬ 
vances in, 11, 177; 29, 171 
Benzo[c]thiophenes, 14, 331 
1,2,3-Benzotriazines, 19, 215 
Benzyne, reactions with heterocyclic com¬ 
pounds, 28, 183 

Betaines, heterocyclic, derivatives of alter¬ 
nant hydrocarbons, 26, 1 
Bifunctional nucleophiles; cyclizations and 
ring transformations on reaction of 
azines with, 43, 301 


Biological pyrimidines, tautomerism and 
electronic structure of, 18, 199 
Bipyridines, 35, 281 

Bridgehead nitrogen, tricyclic compounds 
with a central pyrimidine ring and, 39, 
281 


C 

9//-Carbazoles, recent advances in, 35, 83 
Carbenes 

and nitrenes, intramolecular reactions, 
28, 231 

reactions with heterocyclic compounds, 
3, 57 

Carbohydrates and other oxygen heterocy¬ 
cles, applications of mass spectral 
techniques and stereochemical consid¬ 
erations in, 42, 335 
Carbolines, 3, 79 

Cationic polar cycloaddition, 16, 289 (19, 
xi) 

Chemistry 

and rearrangements of 1,2-dihydroiso- 
quinolines, 40, 105 
of arene oxides, 37, 67 
of aromatic azapentalenes, 22, 183 
of 4-azaazulenes, 43, 35 
of azaphosphorines, 43, 1 
of 8-azapurines, 39, 117 
of azomethine ylides, recent advances 
in, 45, 231 

of barbituric acid, recent progress in, 38, 
229 

of benzo[ft]furan. Part I, occurrence and 
synthesis, 18, 337 

of benzo[I)]thiophenes, 11, 177; 29, 171 
of chrom-3-enes, 18, 159 
of diazabicycloundecene (DBU) and 
other pyrimidoazepines, 42, 83 
of diazepines, 8, 21 
of dibenzothiophenes, 16, 181 
of dihydroazines, 38, 1 
of 1,2-dioxetanes, 21, 437 
of furans, 7, 377 
of hydantoins, 38, 177 
of isatin, 18, 1 
of isoindoles, 29, 341 
of isoxazolidines, 21, 207 
of lactim ethers, 12, 185 
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of mononuclear isothiazoles, 14, 1 
of 4-oxy- and 4-keto-L2,3,4-tetrahydroi- 
soquinolines, 15, 99 
of phenanthridines, 13, 315 
of phenothiazines, 9, 321 
of polycyclic isothiazoles, 38, 1 
of pyrazolopyridines, 36, 343 
of pyrazolopyrimidines, 41, 319 
of pyrido[l,2-a]pyrimidines, 33, 241 
of 1-pyrindines, 15, 197 
of pyrrolizines, 37, 1 
of tetrazoles, 21, 323 
of 1,3,4-thiadiazoles, 9, 165 
of thienothiophenes, 19, 123 
of thiophenes, 1, 1 

of thiophenium salts and thiophenium 
ylids, 45, 151 

of triazolopyridines, 34, 79 
Chichibabin reaction, advances in, 44, I 
Chiral induction using heterocycles, 45, 1 
Chrom-3-ene chemistry, advances in, 18, 
159 

Claisen rearrangements 
in heteroaromatic systems, 42, 203 
in nitrogen heterocyclic systems, 8, 143 
Complex metal hydrides, reduction of ni¬ 
trogen heterocycles with, 6, 45; 39, 1 
Condensed thiophene systems, tetra- and 
pentacyclic, 32, 127 

Conformational equilibria in nitrogen-con¬ 
taining saturated six-membered rings, 
36, 1 

Conformations of acyl groups in heterocy¬ 
clic compounds, 41, 75 
Covalent hydration 

in heteroaromatic compounds, 4, 1, 43 
in nitrogen heterocycles, 20, 117 
Current views on some physicochemical 
aspects of purines, 24, 215 
Cyclazines, and related N-bridged annu- 
lenes, 22, 321 

Cyclic enamines and imines, 6, 147 
Cyclic hydroxamic acids, 10, 199 
Cyclic peroxides, 8, 165 
Cyclizations and ring transformations on 
reaction of azines with bifunctional 
nucleophiles, 43, 301 
Cyclizations under Vilsmeier conditions, 
31, 207 

Cycloaddition, cationic polar, 16, 289 (19, 
xi) 


(2 -I- 2)-Cycloaddition and (2 -I- 2)-cyclore- 
version reactions of heterocyclic com¬ 
pounds, 21, 253 


D 

Developments in the chemistry 
of furans (1952-1963), 7, 377 
of Reissert compounds (1968-1978), 24, 
187 

Dewar heterocycles and related com¬ 
pounds, 31, 169 

2.4- Dialkoxypyrimidines, Hilbert-Johnson 
reaction of, 8, 115 

Diazabicycloundecene (DBU) and other 
pyrimidoazepines, chemistry of, 42, 83 
Diazepines, chemistry of, 8, 21 

1.4- Diazepines, 2,3-dihydro-, 17, 1 
Diazirines, diaziridines, 2, 83; 24, 63 

1.4- Diazocine$, 45, 185 

Diazo compounds, heterocyclic, 8, 1 
Diazomethane, reactions with heterocyclic 
compounds, 2, 245 
Dibenzofurans, 35, 1 

Dibenzothiophenes, chemistry of, 16, 181 
Dihydroazines, recent advances in chemis¬ 
try of, 38, 1 

Dihydro-1,4-benzothiazines, and related 
compounds, 38, 135 
2,3-Dihydro-l,4-diazepines, 17, 1 

1.2- Dihydroisoquinolines and related com¬ 
pounds, 14, 279; 40, 105 

1.2- Dioxetanes, chemistry of, 21, 437 
Diquinolylmethane and its analogs, 7, 153 
gem-Dithienylalkanes and their deriva¬ 
tives, 32, 83 

1.2- Dithiole-3-thiones and l,2-dithiol-3- 
ones, 31, 63 

1.2- and 1,3-Dithiolium ions, 7, 39; 27, 151 


E 

Electrochemical synthesis of pyridines, 37, 
167 

Electrolysis of N-heterocyclic compounds 
Part I, 12, 213 
Part II, 36, 235 

Electronic aspects of purine tautomerism, 
13, 77 
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Electronic effects of heteroaromatic and 
substituted heteroaromatic groups, 42, 
1 

Electronic structure 
of biological pyrimidines, tautomerism 
and, 18, 199 

of heterocyclic sulfur compounds, 5, 1 
Electrophiles, reactions of annular nitro¬ 
gens of azines with, 43, 127 
Electrophilic substitutions of five-memb- 
ered rings, 13, 235 
Enamines and imines, cyclic, 6, 147 
P-Enamino esters, heterocyclic, as hetero¬ 
cyclic synthons, 38, 299 
ir-Excessive heteroannulenes, medium- 
large and large, 23, 55 

F 

Ferrocenes, heterocyclic, 13, 1 
Five-membered heteroaromatic anions, 
ring-opening of, 41, 41 
Five-membered rings, electrophilic substi¬ 
tutions of, 13, 235 

Formation of anionic o-adducts from het¬ 
eroaromatic compounds, 34, 305 
Four-membered rings containing one sulfur 
atom, 35, 199 

Free radical substitutions of heteroaro¬ 
matic compounds, 2, 131 
Furan chemistry, recent advances in. Part 
I, 30, 167; Part II, 31, 237 
Furans, developments of the chemistry of 
(1952-1%3), 7, 377 
Furans, dibenzo-, 35, 1 
Furoxans, 29, 251 

G 

Gas phase reactivity of heteroaromatic 
compounds, 40, 25 
Grignard reagents, indole, 10, 43 


H 

Halogenation of heterocyclic compounds, 
7, 1 

Hammett equation, applications to hetero¬ 
cyclic compounds, 3, 209; 20, 1 


Hetarynes, 4, 121 
Heteroadamantanes, 30, 79 
Heteroannulenes, medium-large and large 
ir-excessive, 23, 55 

Heteroaromatic Al-aminoazonium salts, 29,71 
Heteroaromatic compounds 
free-radical substitutions of, 2, 131 
homolytic substitution of, 16, 123 
nitrogen, covalent hydration in, 4, 1, 43 
prototropic tautomerism of, 1, 311, 339; 

2, 1, 27; SI 

quatemization of, 22, 71 
reactivity of, in gas phase, 40, 25 
Heteroaromatic Af-imines, 17, 213; 29, 71 
Heteroaromatic nitro compounds, ring 
synthesis of, 25, 113 
Heteroaromatic radicals. Part I, general 
properties; radicals with Group V ring 
heteroatoms, 25, 205; Part II, radicals 
with Group VI and Groups V and VI 
ring heteroatoms, 27, 31 
Heteroaromatic and substituted heteroaro¬ 
matic groups, electronic effects, 42, 1 
Heteroaromatic substitution, nucleophilic, 

3, 285 

Heteroaromatic systems, Claisen rear¬ 
rangements in, 42, 203 
Heteroaromatics, quantitative analysis of 
steric effects in, 43, 173 
Heterocycles 
aromaticity of, 17, 255 
chiral induction using, 45, I 
containing the sulfamide moiety, 44, 81 
nomenclature of, 20, 175 
photochemistry of, 11, 1 
by ring closure of ortho-substituted /-an¬ 
ilines, 14, 211 

Heterocyclic betaine derivatives of alter¬ 
nant hydrocarbons, 26, I 
Heterocyclic chemistry 
applications of phase-transfer catalysis 
in 36, 175 

literature of, 7, 225; 25, 303; 44, 269 
Heterocyclic compounds 
application of Hammett equation to, 3, 

209; 20, 1 

(2 + 2)-cycloaddition and (2 + 2)- 

cycloreversion reactions of, 21, 253 
halogenation of, 7, 1 
isotopic hydrogen labeling of, 15, 137 
mass spectrometry of, 7, 301 
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quatemization of, 3, 1; 22, 71 
reactions of, with carbenes, 3, 57 
reactions of diazomethane with, 2, 

245 

reactions with benzyne, 28, 183 
V-Heterocyclic compounds (see also Ni¬ 
trogen heterocycles) 
electrolysis of, 12, 213 
photochemistry of, 30, 239 
reaction of acetylenecarboxylic acids 
and esters with, 1, 125; 23, 263 
Heterocyclic diazo compounds, 8, 1 
Heterocyclic ferrocenes, 13, 1 
Heterocyclic iminium salts, oxidative 
transformations, 41, 275 
Heterocyclic oligomers, 15, 1 
Heterocyclic products, natural, synthesis 
of by hetero Diels-Alder cycloaddition 
reactions, 42, 245 

Heterocyclic pseudobases, 1, 167; 25, 1 
Heterocyclic quinones, 45, 37 
Heterocyclic sulphur compounds, elec¬ 
tronic structure of, 5, 1 
Heterocyclic synthesis 
azodicarbonyl compounds and, 30, 1 
heterocyclic p-enamino esters and, 38, 
299 

involving nitrilium salts and nitriles un¬ 
der acidic conditions, 6, 95 
through nucleophilic additions to acety¬ 
lenic esters, 19, 279 
sulfur transfer reagents in, 30, 47 
thioureas in, 18, 99 
uses of isatoic anhydrides in, 28, 73 
Hetero Diels-Alder cycloaddition reac¬ 
tions, synthesis of natural heterocyclic 
products by, 42, 245 

Hilbert-Johnson reaction of 2,4-dialkoxy- 
pyrimidines with halogenoses, 8, 

115 

Homolytic substitution of heteroaromatic 
compounds, 16, 123 
Hydantoins, chemistry of, 38, 177 
Hydrogen cyanide derivatives, synthesis of 
heterocycles from, 41, 1 
Hydrogen exchange 
base-catalyzed, 16, 1 
one-step (labeling) methods, 15, 137 
Hydrogenated porphyrin derivatives: hy¬ 
droporphyrins, 43, 73 
Hydroxamic acids, cyclic, 10, 199 


Imidazole chemistry, advances in, 12, 103; 
27, 241 

2//-lmidazoles, 35, 375 
4//-lmidazoles, 35, 413 
N-Imines, heteroaromatic, 17, 213; 29, 71 
Iminium salts, oxidative transformations of 
heterocyclic, 41, 275 
Indole Grignard reagents, 10, 43 
Indole(s) 

acid-catalyzed polymerization, 2, 287 
and derivatives, application of NMR 
spectroscopy to, 15, 277 
Indolizine chemistry, advances in, 23, 103 
Indolones, isatogens and, 22, 123 
Indoxazenes, 8, 277; 29, I 
Isatin, chemistry of, 18, 1 
Isatogens and indolones, 22, 123 
Isatoic anhydrides, uses in heterocyclic 
synthesis, 28, 127 
Isoindoles, 10, 113; 29, 341 
Isoquinolines 

1,2-dihydro-, 14, 279 
4-oxy- and 4-keto-l,2,3,4-tetrahydro-, 
15,99 

Isothiazoles, 4, 107 

recent advances in the chemistry of mo¬ 
nocyclic, 14, 1 

polycyclic, recent advances in chemistry 
of, 38, 105 

Isotopic hydrogen labeling of heterocyclic 
compounds, one-step methods, 15, 137 
Isoxazole chemistry, recent developments 
in, 2, 365; since 1963, 25, 147 
Isoxazolidines, chemistry of, 21, 207 

L 

Lactim ethers, chemistry of, 12, 185 
Literature of heterocyclic chemistry, 7, 

225; 25, 303 ; 44, 269 

M 

Mass spectral techniques in heterocyclic 
chemistry: applications and stereo¬ 
chemical considerations in carbohy¬ 
drates and other oxygen heterocycles, 
42, 335 



298 


CUMULATIVE INDEX OF TITLES 


Mass spectrometry 
of heterocyclic compounds, 7, 301 
of nucleic acids, 39, 79 
Medium-large and large ir-excessive hetero- 
annulenes, 23, 55 
Meso-ionic compounds, 19, 1 
Metal catalysts, action on pyridines, 2, 

179 

Metallacycloalkanes and -alkenes, 39, 237 
Monoazaindoles, 9, 27 
Monocyclic pyrroles, oxidation, of, 15, 67 
Monocyclic sulfur-containing pyrones, 8, 
219 

Mononuclear heterocyclic rearrangements, 
29, 141 

Mononuclear isothiazoles, recent advances 
in chemistry of, 14, 1 

N 

Naphthalen-l,4-imines, 16, 87 
Naphthyridines, 11, 124 
reactivity of, toward nitrogen nucleo¬ 
philes, 33, 95 

recent developments in chemistry of, 33, 
147 

Natural heterocyclic products by hetero 
Diels-Alder cycioaddilion reactions, 
synthesis of, 42, 245 
Natural products, synthesis via aziridine 
intermediates, 39, 181 
New developments in the chemistry of ox- 
azolones, 21, 175 

Nitrenes, carbenes and, intramolecular re¬ 
actions of, 28, 231 

Nitriles and nitrilium salts, heterocyclic 
synthesis involving, 6, 95 
Nitro-compounds, heteroaromatic, ring 
synthesis of, 25, 113 

Nitrogen-bridged six-membered ring sys¬ 
tems, 16, 87 

Nitrogen heterocycles (xee also N-Hetero- 
cyclic compounds) 

aromatic six-membered, regioselective 
substitution in, 44, 199 
conformational equilibria in saturated 
six-membered rings, 36, I 
covalent hydration in, 20, 117 
photochemistry of, 30, 239 
reactions of acetylenecarboxylic esters 
with, 23, 263 


reduction of, with complex metal hy¬ 
drides, 6, 45; 39, 1 

Nitrogen heterocyclic systems, Claisen re¬ 
arrangements in, 8, 143 
Nomenclature of heterocycles, 20, 175 
Nuclear magnetic resonance spectroscopy, 
application to indoles, 15, 277 
Nucleic acids, mass spectrometry of, 39, 

79 

Nucleophiles, bifunctional, cyclisations 
and ring transformations on reaction 
of azines with, 43, 301 
Nucleophiles, reactivity of azine deriva¬ 
tives with, 4, 145 

Nucleophilic additions to acetylenic esters, 
synthesis of heterocycles through, 19, 
299 

Nucleophilic heteroaromatic substitution, 

3, 285 


O 

Olefin synthesis with anils, 23, 171 
Oligomers, heterocyclic, 15, 1 
Organometallic compounds, transition 
metal, use in heterocyclic synthesis, 
30, 321 

1.3.4- Oxadiazole chemistry, recent ad¬ 
vances in, 7, 183 

1.2.4- Oxadiazoles, 20, 65 

1.2.5- Oxadiazoles, 29, 251 
1,3-Oxazine derivatives, 2, 311; 23, 1 
Oxaziridines, 2, 83; 24, 63 
Oxazole chemistry, advances in 17, 

99 

Oxazolone chemistry 
new developments in, 21, 175 
recent advances in, 4, 75 
Oxidation of monocyclic pyrroles, 15, 

67 

Oxidative transformations of heteroaro¬ 
matic iminium salts, 41, 275 

3- Oxo-2,3-dihydrobenz[d]isothiazole 1,1-di¬ 

oxide (saccharin) and derivatives, 15, 
233 

Oxygen heterocycles, applications of mass 
spectral techniques and stereochemi¬ 
cal considerations in carbohydrates 
and others, 42, 335 

4- Oxy- and 4-keto-l,2,3,4-tetrahydroisoqui- 

nolines, chemistry of, 15, 99 
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P 

Pentazoles, 3, 373 

Peroxides, cyclic, 8, 165 (see also 1,2- 
Dioxetanes) 

Phase transfer catalysis, applications in 
heterocyclic chemistry, 36, 175 
Phenanthridine chemistry, recent develop¬ 
ments in, 13, 315 
Phenanthrolines, 22, 1 
Phenothiazines, chemistry of, 9, 321 
Phenoxazines, 8, 83 
Photochemistry 
of heterocycles, 11, 1 
of nitrogen-containing heterocycles, 30, 
239 

of oxygen- and sulfur-containing hetero¬ 
cycles, 33, 1 

Physicochemical aspects of purines, 6, 1; 
24, 215 

Physicochemical properties 
of azines, 5, 69 
of pyrroles, 11, 383 
3-Piperideines, 12, 43 
Polyfluoroheteroaromatic compounds, 28, 

1 

Polymerization of pyrroles and indoles, 
acid-catalyzed, 2, 1 

Porphyrin derivatives, hydrogenated: hy¬ 
droporphyrins, 43, 73 
Present state of selenazole chemistry, 2, 
343 

Progress in pyrazole chemistry, 6, 347 
Prototropic tautomerism of heteroaromatic 
compounds, 1, 311, 339; 2, 1,27; SI 
Pseudoazulenes, 33, 185 
Pseudobases, heterocyclic, 1, 167; 25, I 
Purine bases, aza analogs of, 1, 189 
Purines 

physicochemical aspects of, 6, 1; 24, 215 
tautomerism, electronic aspects of, 13, 
77 

Pyrans, thiopyrans, and selenopyrans, 34, 
145 

Pyrazine chemistry, recent advances in, 

14, 99 

Pyrazole chemistry, progress in, 6, 347 
3//-Pyrazoles, 34, 1 
4//-Pyrazoles, 34, 53 
Pyrazolopyridines, 36, 343 
Pyrazolopyrimidines, chemistry of, 41, 319 


Pyridazines, 9, 211; 24, 363 
Pyridine(s) 

action of metal catalysts on, 2, 179 
effect of substituents on substitution in, 
6,229 

synthesis by electrochemical methods, 
37, 167 

1,2,3,6-tetrahydro-, 12, 43 
Pyridoindoles (the carbolines), 3, 79 
Pyridopyrimidines, 10, 149 
Pyrido(l,2-a]pyrimidines, chemistry of, 
33, 241 

Pyrimidine bases, aza analogs of, 1, 189 
Pyrimidine ring annelation to an existing 
ring, 32, 1 

Pyrimidine ring, tricyclic compounds 
with a central, 39, 281 
Pyrimidines 

2,4-dialkoxy-, Hilbert-Johnson reaction 
of, 8, 115 

fused tricyclic, 39, 281 
tautomerism and electronic structure of 
biological, 18, 199 

Pyrimidoazepines, chemistry of diazabi- 
cycloundecene (DBU) and other, 42, 
83 

1-Pyrindines, chemistry of, 15, 197 
Pyrones, monocyclic sulfur-containing, 8, 
219 
Pyrroles 

acid-catalyzed polymerization of, 2, 287 
oxidation of monocyclic, 15, 67 
physicochemical properties of, 11, 383 
IH- and 37/-Pyrroles, 32, 233 
Pyrrolizidine chemistry, 5, 315; 24, 247 
Pyrrolizines, chemistry of, 37, 1 
Pyrrolodiazines with a bridgehead nitro¬ 
gen, 21, 1 

Pyrrolopyridines, 9, 27 
Pyrylium salts 
syntheses, 10, 241 

syntheses, reactions, and physical prop¬ 
erties, S2 


Q 

Quantitative analysis of steric effects in 
heteroaromatics, 43, 173 
Quatemization 

of heteroaromatic compounds, 22, 71 
of heterocyclic compounds, 3, 1 
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Quinazolines, i, 253; 24, 1 
Quinolizines, aromatic, 5, 291; 31, I 
Quinones, heterocyclic, 45, 37 
Quinoxaline chemistry 
developments 1%3-1975 , 22, 367 
recent advances in, 2, 203 
Quinuclidine chemistry, 11, 473 

R 

Reactions 

of annular nitrogens of azines with elec¬ 
trophiles, 43, 127 

of azines with bifunctional nucleophiles; 
cyclizations and ring transforma¬ 
tions, 43, 301 
Reactivity 

of heteroaromatic compounds in the gas 
phase, 40, 25 

of naphthyridines toward nitrogen nu¬ 
cleophiles, 33, 95 

Rearrangements, mononuclear heterocy¬ 
clic, 29, 141 
Recent advances 

azomethine ylide chemistry, 45, 231 
in benzo[6]thiophene chemistry, 11, 177 
in furan chemistry 
Pan I, 30, 168 
Part II, 31, 237 

in 1,3,4-oxadiazole chemistry, 7, 183 
in oxazolone chemistry, 4, 75 
in pyrazine chemistry, 14, 99 
in pyridazine chemistry, 24, 363 
in quinoxaline chemistry, 2, 203 
in tetrazole chemistry, 21, 323 
in the chemistry 

of benzisothiazoles and other polycy¬ 
clic isothiazoles, 38, 105 
of benzo[6Jfurans, occurrence and 
synthesis, 18, 337 
of benzo[<>]thiophenes, 29, 171 
of 9//-carbazoles, 35, 83 
of dibenzothiophenes, 16, 181 
of dihydroazines, 38, I 
of mononuclear isothiazoles, 14, 1 
of phenothiazines, 9, 321 
of 1,3,4-thiadiazoles, 9, 165 
of thiophenes, 1, 1 
Recent developments 
in naphthyridine chemistry, 33, 147 


in isoxazole chemistry, 2, 365 
in phenanthridine chemistry, 13, 315 
Recent progress in barbituric acid chemis¬ 
try, 38, 229 

Reduction of nitrogen heterocycles with 
complex metal hydrides, 6, 45; 39, 1 
Regioselective substitution in aromatic six- 
membered nitrogen heterocycles, 44, 
199 

Reissert compounds, 9, I; 24, 187 
Ring closure of ortho-substituted t-ani- 
lines, heterocycles by, 14, 211 
Ring-opening of five-membered heteroaro¬ 
matic anions, 41, 41 
Ring synthesis of heteroaromatic nitro 
compounds, 25, 113 

Ring transformations and cyclizations on 
reaction of azines with bifunctional 
nucleophiles, 43, 301 

S 

Saccharin and derivatives, 15, 233 
Selenazole chemistry, present state of, 2, 
343 

Selenium-nitrogen heterocycles, 24, 109 
Selenophene chemistry, advances in, 12, 1 
Selenophenes, 30, 127 
Selenopyrans, 34, 145 
Six-membered ring systems, nitrogen 
bridged, 16, 87 

Steric effects in heteroaromatics, quantita¬ 
tive analysis of, 43, 173 
Substitution(s) 

electrophilic, of five-membered rings, 

13, 235 

homolytic, of heteroaromatic com¬ 
pounds, 16, 123 

nucleophilic heteroaromatic, 3, 285 
in pyridines, effect of substituents, 6, 

229 

regioselective, in aromatic six-membered 
nitrogen heterocycles, 44, 199 
Sulfamide moiety, heterocycles containing 
the, 44, 81 
Sulfur compounds 

electronic structure of heterocyclic, 5, 1 
four-membered rings, 35, 199 
Sulfur transfer reagents in heterocyclic 
synthesis, 30, 47 
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Synthesis 

and reactions of l-azirines, 13, 45 
of heterocycles 

by ring-closure of o-substituted t-ani- 
lines, 14, 211 

from hydrogen cyanide derivatives, 

41, 1 

from nitrilium salts and nitriles under 
acidic conditions, <i, 95 

thioureas in, 18, 99 

through nucleophilic additions to acet¬ 
ylenic esters, 19, 279 
of natural heterocyclic products by het- 
ero Diels-Alder cycloaddition reac¬ 
tions, 42, 245 

of tetracyclic and pentacyclic condensed 
thiophene systems, 32, 127 
of pyridines by electrochemical meth¬ 
ods, 37, 167 


T 

Tautomerism 

electronic aspects of purine, 13, 77 
and electronic structure of biological py¬ 
rimidines, 18, 199 

prototropic, of heteroaromatic com¬ 
pounds, 1, 311,339; 2, 1. 27; SI 
Tellurophene and related compounds, 21, 
119 

1.2.3.4- Tetrahydroisoquinolines, 4-oxy- 
and 4-keto-, IS, 99 

1,2,3,6-Tetrahydropyridines, 12, 43 
Tetrazole chemistry, recent advances in, 
21, 323 

Theoretical studies of physicochemical 
properties and reactivity of azines, 5, 
69 

1.2.4- Thiadiazoles, 5, 119; 32, 285 

1.2.5- Thiadiazoles, chemistry of, 9, 107 
L3,4-Thiadiazoles, recent advances in the 

chemistry of, 9, 165 

Thiathiophthenes (1,6,6a5‘''-trithiapenta- 
lenes), 13, 161 

1.2.3.4- Thiatriazoles. 3, 263 ; 20, 145 

1.4- Thiazines and their dihydro deriva¬ 
tives, 24, 293 


4-Thiazolidinones, 25, 83 
Thienopyridines, 21, 65 
Thienothiophenes and related systems, 
chemistry of, 19, 123 

Thiochromanones and related compounds, 
18, 59 

Thiocoumarins, 26, 115 
Thiophenes, recent advances in the chem¬ 
istry of, 1, 1 

Thiophenium salts and thiophenium ylids, 
chemistry of, 45, 151 
Thiopyrans, 34, 145 

Thiopyrones (monocyclic sulfur-containing 
pyrones), 8, 219 

Thioureas in synthesis of heterocycles, 18, 
99 

Three-membered rings with two heteroat¬ 
oms, 2, 83; 24, 63 

Transition organometallic compounds in 
heterocyclic synthesis, use of, 30, 321 

1,3,5-, 1,3,6-, 1,3,7-, and 1,3,8-Triazanaph- 
thalenes, 10, 149 

1.2.3- Triazines, 19, 215 

1.2.3- Triazoles, 16, 33 

1.2.3- Triazoles, 4-amino-, 40, 129 
A=-l,2,3-Triazolines, 37, 217 

A’- and A‘'-l,2,3-Triazolines, 37, 351 
Triazolopyridines, 34, 79 

1.2.3- Triazolo[4,5-d]pyrimidines (8-azapur- 
ines), chemistry of 39, 117 

Tricyclic compounds with a central pyrimi¬ 
dine ring and one bridgehead nitrogen, 
39, 281 

I,6,6a5‘''-Trithiapentalenes, 13, 161 


u 

Use of transition organometallic com¬ 
pounds in heterocyclic synthesis, 30, 
321 


V 

Vilsmeier conditions, cyclization under, 
31, 207 
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A 

Acamelin, structure and occurrence, 45, 55 
Acenaphtho[ 1,2-c][ 1,2,5]thiadiazole 2,2-di- 
oxide, thermolysis, 44, 138 
Acenaphthylene, cycloaddition 
to tetrachlorothiophenium ethoxycarbo- 
nylimine, 45, 177 

to tetrachlorothiophenium ylid, 45, 172 
Aceperimidines, Chichibabin amination, 

44, 69 

Acetone, addition 
to pyridinium salts, 43, 340 
to pyrimidines, 43, 345 
to quinolinium salts, 43, 341 
Acetonedicarboxylic ester, addition to 5- 
nitropyrimidin-2-one, 43, 336 
Acetyl heterocycles, conformation, 41, 

100; 45, 214 

7-Acetylbicyclo[4.2.0]oct-3-enes, mass 
spectra, 42, 340 
Acetylenedicarboxylic esters 
reaction 

with azaazulenes and azafulvenes, 43, 
59 

with azomethine ylids, 45, 234-239, 
242, 288, 295 

with 1,3,4,6-diazadiphosphorines, 43, 
27 

with dihydropyrazines, 45, 195, 221 
with nitrones, 45, 289, 335 
with protoporphyrin IX ester, 43, 102 
with 2-pyridones, 43, 214 
with a quinone, 45, 340 
ring-expansions using, 45, 222 
Acidity of cyclic sulfonamides, 44, 109, 

147, 160 

Acidity and basicity of azoles (review), 41, 
187 

correlation of, 41, 231 
tabulation of data, 41, 234 


Acidity functions, 41, 208 
Acridine, amination, 44, 4, 47 
Acridine iV-oxides, 1,2,3,4-tetrahydro-, 
photochemistry, 43, 61 
Acridine quinones, 45, 90, 91 
Acridines, 1,4-diazepino-fused, 45, 191 
Acridinium salts, disproportionation of 
pseudobases, 41, 298 
Acridizinium ions 
cycloadditions to, 43, 343 
steric effects in cycloadditions of, 43, 
214 

Actinidine, synthesis, 42, 317 
Actinomycinol, structure and occurrence, 
45,90 

Actinorhodin 

reaction with diazomethane, 45, 76 
structure and tautomerism, 45, 108 
Acyl groups, conformation (review), 41, 75 
A/-Acylazoles, rotation barriers, 43, 251 
Acylation 
of azines, 43, 147 
of azinones, 43, 149 

A/-Acylindoles, rotation barriers, 43, 251 
Acylnitroso compounds, cycloaddition of, 
42, 288 

Adaline, synthesis, 42, 321 
Adamantane, phospha-analogs, 43, 21 
Addition reactions, DBU in, 42, 116 
ff-Adducts in Chichibabin reaction, 44, 3, 

4, 9, 48, 52-55, 71 

Adenine, formation from HCN oligomers, 

41,5 

Akuammigine, synthesis, 42, 326 

Albidin, structure, 45, 67 

Aldol condensations, diastereoselective, 

45, 7 

Alkali-induced disproportionation of pyri¬ 
dinium salts, 41, 280 
Alkaloid synthesis by hetero-Diels-Alder 
reactions, 42, 245 
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Alkyl groups, steric effects of, on quater- 
nization of adjacent nitrogen, 43, 180 
Alkylamides, alkali metal, in Chichibabin 
reactions, 44, 31 

Alkylamination of beterocycles, 44, 32 
Alkylamination, intramolecular, of pyri- 
dines, 44, 35 
Alkylation 

of azines, 43, 131, 180 
of 1,2,6-tbiadiazine 1,1-dioxides, 44, 111 
of 1,2,4,6-tbiatriazine 1,1-dioxides, 44, 
161 

2- Alkylpyridinium salts, oxidation, 41, 283 
Alkynylation of pyridine, 44, 206, 208, 212 
Alloxazinium salts, reaction with 1,3-diols, 

43, 308 

Alstonine, tetrabydro-, synthesis, 42, 326 
Amaryilidaceae alkaloids, synthesis, 42, 
288 

Amauromine, synthesis, 42, 206 
Amidines, tautomerism of, 43, 305 
Amination 

of benzimidazoles, 44, 57 
of isoquinolines, 44, 41 
of naphthyridines, 44, 52 
of pyrazines, 44, 48, 236 
of pyridazines, 44, 48 
of pyridines, 44, 2, 203 
of pyrimidines, 44, 49, 232 
of quinolines, 44, 41 
of quinones, 45, 87 
of 1,2,4-triazines, 44, 241 
of 1,3,5-triazines, 44, 70 
for Aminodehalogenation reactions, see 
Nucleophilic substitution under the 
appropriate ring system 
Amination, Chichibabin (review), 44, 1 
A-Amination of azines, 43, 161 
Amine anions, ring-cleavage, 41, 66 
Aminoacids, racemic, resolution of, 45, 7 
Aminoacids, racemisation by aldehydes, 
45, 252 

Aminomalononitrile, 41, 3 

3- Aminopyrazoles, condensation with 1,3- 

dicarbonyl compounds, 41, 321 
Aminopyridines, quatemization, 43, 201 
Amino-sugars, synthesis, 42, 255, 274, 283, 
284, 298 

Ammonia, liquid, cr-adduct formation by 
amide ions in, 44, 9 


Analytical separation of diastereomers, 45, 

6 

Angles of twist in biaryls 
calculated, 43, 259, 261, 262 
observed, 43, 258, 261 
Anhydrocannabisativene, synthesis, 42, 

266 

Anhydrovilangin, structure, 45, 109 
Anion cleavage of five-membered hetero¬ 
cycles (review), 41, 41 
Annellation effects on azole basicity and 
acidity, 41, 228 
ANRORC mechanism 
in Chichibabin reactions, 44, 11 
in chloronitropyridine-amide ion reac- 
Uon, 43, 303 

in ring interconversions of six-membered 
heterocycles, 43, 337, 346 
Ansathiazin, structure, 45, 117 
Anthracene, cycloaddition to tetrachloro- 
thiophenium ethoxycarbonylimine, 45, 
178, 180 

Antihypertensives, 44, 189 
Aphid pigments, 45, 106 
Apo-p-erythroidine, synthesis, 43, 51 
Aqueous solution, acid-base equilibria in, 
41, 216 
Aromaticity 

of five-membered heterocycles, 45, 152 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 

100 

Arylamination of heterocycles, 44, 31 
Aryne mechanism for Chichibabin reac¬ 
tion, 44, 72 

Asteriomycin, synthesis, 42, 256 
Asymmetric induction, see Chiral 
induction 

Autocatalysis in Chichibabin reaction, 44, 8 

3- Azaazulene-l-carboxylic ester, 2- 

ethoxy-, cycloaddition to, 43, 59 
3a-Azaazulenes and related compounds, 
see 4-Azaazulenes 

4- Azaazulenes (correctly 3a-Azaazulenes) 
chemistry of (review), 43, 35 
cycloadditions, 43, 46 

natural products derived from, 43, 68 
oxidation, 43, 44 

pharmaceutical activity (of benzo-deriva- 
tives), 43, 68 
protonation, 43, 42 
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reactions with electrophiles and nucleo¬ 
philes, 43, 44 
spectra, 43, 38 
synthesis, 43, 49 
tautomerism, 43, 40 
theoretical calculations, 43, 37 
4-Azaazulenium salts, 43, 42 
4-Azaazulen-l-one, 3-methyl- 
rearrangement, 43, 62 
synthesis, 43, 62 

4-Azaazulen-3-one, synthesis, 43, 63 
4-Azaazulen-5-one, synthesis, 43, 63 
4-Azaazulen-7-one, synthesis, 43, 66 
4-Azaazulen-7-one, 1,2,3-tribromo-, syn¬ 
thesis, 43, 68 

4-Azaazulen-9-one, synthesis, 43, 67 
Azabenz[n]azulenes, 43, 36, 39, 42, 51 

1- Azabutadiene systems, cycloaddition, 

42, 302 

2- Azabutadiene systems, cycloaddition, 

42, 307 

Aza-Cope rearrangements, 42, 213 
1,2,6-Azadiphosphorines, hexahydro-, 43, 
25 

Azaphosphinanes, see Azaphosphorinanes 
Azaphosphorinanes, 43, 4, 6, 8 
Azaphosphorines, chemistry of (review), 

43, 1 

1.2- Azaphosphorines, 43, 2, 4 

1.3- Azaphosphorines, 43, 5 

1.4- Azaphosphorines, 43, 8 
Azaquinones, formation from diazidoqui- 

nones, 45, 85 

1- Azatriptycene, photolysis, 43, 55 

2- Azatriptycene, Chichibabin amination, 

44, 72 

Azepino[l,2-a]indoles, n.m.r. spectra, 43, 
39 

Azetidines, acyl, conformation, 41, 137 
Azetidinones, 42, 94, 97, 127, 148, 172, 

292 

2-Azetidinones, 4-acetoxy-, chiral synthe¬ 
ses using, 45, 13 
Azetinones, fused, 41, 60 
Azide cyclizations, intramolecular, 43, 54 
Azidoformic ester, reaction with 1,4-naph- 
thoquinone, 45, 78 

Azido-heterocycles, cleavage, 41, 67, 70 
Azidoquinones, photochemical reaction 
with dienes, 45, 44 


o-Azidostyrene derivatives, indoles from, 
45, 43 

Azines, reactions 

of annular nitrogens with electrophiles 
(review), 43, 127 

with bifunctional nucleophiles (review), 
43, 301 

Azirines, photolysis to nitrile ylids, 45, 53 
Aziridines, nitrosative deimination, 45, 192 
Aziridines, acyl, conformation, 41, 121, 

136 

Azodicarboxylic esters, cycloaddition to 
azomethine ylids, 45, 305 

acidity of, in DMSO, 41, 217, 228 
basicity and acidity (review), 41, 187 
Azoles, iV-acyl-, rotation barriers, 43, 251 
Azomethine iV-oxides, see Nitrones 
Azomethine ylids (review), 45, 231 
cycloaddition 

FMO discussion of, 45, 295 
forming 2,5-dihydropyrroles, 45, 234 
intramolecular, 45, 333 
regioselectivity of, 45, 319, 327 
stereochemistry of, 45, 235 
stereoselectivity of, 45, 314, 327 
to azo compounds, 45, 305 
to carbonyl compounds, 45, 301, 327 
to imines, 45, 301, 329 
to thiocarbonyl compounds, 45, 304 
to unactivated olefins and acetylenes, 
45, 298 

dimerization to pyrazine derivatives, 45, 
261 

generation, 45, 233 
by decarboxylation, 45, 269, 311 
by deprotonation, 45, 256, 310 
by desilylation, 45, 239 
by proton transfer in dienamines, 45, 
294 

by tautomerism of aminoacid deriva¬ 
tives, 45, 249, 309 
from t-amine N-oxides, 45, 277 
from aziridines, 45, 234, 306 
from 4-isoxazolines, 45, 287 
from metal-coordinated species, 45, 
280, 313 

from 4-oxazolines, 45, 287 
geometry, 45, 306 
syn-anti isomerization, 45, 235, 236 
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Azomethine ylids, (coni.) 
rearrangement by proton transfer, 45, 
237, 290 

Azomethine ylids, C-chloro-, 45, 238 
Azomethine ylids, cyano-, as nitrilium ylid 
equivalents, 45, 253 

Azomethine ylids, N-phthalimido-, 45, 238 
3a-Azoniaazulenes, see 4-Azaazulenium 


B 

Bacteriochlorins 
structure, 43, 75 
synthesis, 43, 110 
Bacteriophin, synthesis, 43, 114 
Barbituric acid, alkylation, 43, 142 
Barbituric acids, 1,3-dialkyl-, conforma¬ 
tional preferences in, 43, 231 
Basagran (herbicide), 44, 188 
Basicity and acidity of azoles (review), 41, 
187 
Basicity 

of azines (monocyclic), 43, 128 
of azoles, 41, 187 

of diazabicycloundecane (DBU), 42, 91 
of hydroporphyrins, 43, 87 
of imidazoles, 41, 241 
of monocyclic azines, 43, 128 
of organic bases, 42, 91 
of pyridazines, 43, 129 
of pyridines, steric effects on, 43, 276 
of pyrroles, 41, 234 

of 1,2,6-thiadiazine 1,1-dioxides, 44, 109 
Bentazone, 44, 130, 188 
Benz[de]anthracen-7-one, amination, 44, 

72 

2,3-Benzazaphosphorines, 43, 3 
Benzazetinones, formation from 2,1-benzi- 
soxazolium salts, 41, 61 
Benzene di- and tri-imines, synthesis and 
reactivity, 45, 152 

Benzimidazole, quatemization rates in, 43, 
197 

Benzimidazole, 1-methyl-, Chichibabin 
amination, 44, 5, 16, 17, 57-62, 64 
Benzimidazole quinones, 45, 79 
Benzimidazole, pyridyl- and pyridylalkyl-, 
Chichibabin amination, 44, 63 


Benzimidazoles 
acidity and basicity, 41, 244 
Chichibabin amination, 44, 57 
Claisen rearrangements in, 42, 212 
formation from dibenzo[6/|[l,4]diazoc- 
ine derivatives, 45, 220 

Benzimidazolium salts, oxidation, 41, 306 

Benzimidazolyl group, substituent con¬ 
stants, 42, 51, 54 

Benz[e]indole-4,5-dione, 3-acetyl-1-ethoxy- 
carbonyl-2-hydroxy-, 45, 42 

Benz[/]indole-4,9-dione, 2-phenyl-, 45, 44 

Benz[^]indole-4,5-dione, 3-ethoxycarbonyl- 
2-methyl-, 45, 40 

Benz[e]indolizines, reduced, synthesis, 42, 
304 

Benz|y]isoindole-4,9-dione, 2-methyl-, syn¬ 
thesis, 45, 54 

1,2-Benzisothiazole-4,5-diones, synthesis, 
45, 78 

Benzisoxazole 4,7-quinones, formation by 
cycloaddition, 45, 77 

2.1- Benzisoxazole-4,7-dione, 3-alkoxy-, 
synthesis and reactions, 45, 78 

1.2- Benzisoxazoles, cleavage of carban- 
ions, 41, 50 

Benzobistriazole quinones, synthesis, 45, 
83 

Benzo[6]carbazole-6,11-diones, synthesis, 
45, 50 

Benzo[3,4]cyclobuta[ 1,2-6]quinoxaline 
oxidation, 45, 195 
photolysis, 45, 204 

Benzocyclobutene-1,2-diones, condensa¬ 
tion with 1,2-diamines, 45, 208 

Benzocyclobutenes, 5-acetyl-l,4,4a,5,6,6a- 
hexahydro-. Cl mass spectra, 42, 340 

Benzocyclobutenes, dihydro-, ring-opening 
and cycloaddition, 42, 246, 248, 259 

1.3.2- Benzodiazaphosphorines, 43, 3 

1,6-Benzodiazocine, 1,6-dihydro-1,6-di¬ 
methyl-, 45, 194, 209, 218 

2.5- Benzodiazocine, 1,2,3,4-tetrahydro-, 
derivative, 45, 187 

1,4-Benzodiazocine-2,5-dione, 1,3,4,6-te- 
trahydro-, 45, 194 

1.6- Benzodiazocines, 2,5-diaryl-, contro¬ 
versy surrounding, 45, 204 

1,6-Benzodiazocines, 1,2,3,4,5,6-hexahy- 
dro-, synthesis, 45, 193 
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2,5-Benzodiazocines, uses, 45, 223 

2,5-Benzodiazocines, 1,6-diaryl-3,4-dihy¬ 
dro-, synthesis, 45, 206 

2,5-Benzodiazocines, 1,2,3,4,5,6-hexahy- 
dro-, synthesis, 45, 193 

1,4-Benzodiazocin-2(l//)-one, 3,4,5,6-tetra- 
hydro-, synthesis, 45, 187 
Benzodi[l,2-I);5,4(4,5?)- 

b ']di[ l]benzothiophene-6,12-dione, 
synthesis, 45, 73 

Benzo[l,2-I),-5,4-J>']difuran, 45, 58, 59 
Benzo[l,2-</;4,5-</']diimidazole-4,8-diones, 
synthesis, 45, 79 

Benzodiimidazoles, inertness under Chich- 
ibabin conditions, 44, 62 
Benzo[ 1,2-c,-4,5-c']diisochromene-5, 
7,12,14-tetrone, 45, 114 
Benzo[l,2-d;4,5-d']dioxazole-4,8-diones, 
synthesis, 45, 80 

1.3- Benzodioxolane quinones, 45, 81 
Benzo[l ,2-ft;4,5-J>']diquinoline-6,7,13,14- 

tetrones, synthesis, 45, 92 
Benzo[l,2-^;4,5-^']diquinoline-5, 7,12,14- 
tetrones, synthesis, 45, 92 

1.4- Benzodithiin-5,8-diones, 2,3-dicyano-, 
synthesis, 45, 115 

1,3-Benzodithiolane quinones, 45, 82 
Benzo[l,2-ft,-4,3-ft']dithiophene-4,5-dione, 
synthesis, 45, 73 

Benzo[l,2-c,'3,4-c']dithiophene-4,8-dione, 
synthesis, 45, 73 

Benzo[2,l-ft;3,4-b']dithiophene-4,5-dione, 
synthesis, 45, 73 

Benzo[ 1,2-J>,-4,5-i>']dithiophene-4,8-diones, 
45,70 

Benzofuran quinones, 45, 54 
Benzofuran-4,7-dione, 3,5-dimethyl', ’’C 
NMR, 45, 56 
Benzofurans 

Claisen rearrangements in, 42, 228 
cleavage of carbanions, 41, 44 
Benzo[b]furans, acyl, conformation, 41, 

83, 95 

Benzo-fusion 

effect on acidity and basicity, 41, 228 
effect on Chichibabin amination, 44, 

20 

steric effects of, 43, 186 
Benzo[i»]naphtho[2,3-d]furan-6,11-diones, 
synthesis, 45, 64, 65 


Benzonitrile oxide, cycloaddition to qui¬ 
nones, 45, 77 

Benzo[a]phenazine-5,6-dione, 45, 100 
Benzophenone, 4-nitro-, amination under 
Chichibabin conditions, 44, 72 
Benzoporphyrins, 43, 118 
2-Benzopyran-5,8-diones, 3,4-dihydro-, 45, 
102 

l-Benzopyran-2-ones, Claisen rearrange¬ 
ments in, 42, 224, 231 
l-Benzopyran-2,7,8-triones, 45, 100 
Benzo[/]quinazolines, amination, 44, 67 
Benzo[/]quinazoline-3(4//)-trione, 1-meth¬ 
yl-, 45, 99 

Benzo[/]quinazolinones, Chichibabin ami¬ 
nation, 44, 68 

Benzo[,g]quinoline-4,9-diones, naturally-oc¬ 
curring, 45, 90 

Benzoquinolines, Chichibabin amination, 
44, 45 

Benzo{g]quinoxaline-5,10-diones, 45, 99 
Benzoselenophenes, cleavage of carban¬ 
ions, 41, 48 

Benzotellurophenes, cleavage of carban¬ 
ions, 41, 48 

3,2,4-Benzothiadiazepine 3,3-dioxides, 

1,2,4,5-tetrahydro-, synthesis, 44, 184 
3J7-2,1,3-Benzothiadiazine 2,2-dioxides, 

44, 108, 116 

2.1.3- Benzothiadiazin-4(3W)-one 2,2- 
dioxides 

synthesis, 44, 130 
ultraviolet spectra, 44, 97 
uses, 44, 188 

1.2.3- Benzothiadiazole-4,5-dione, 6,7-di- 
chloro-, synthesis, 45, 83 

1.2.3- Benzothiadiazole-4,7-dione, synthe¬ 
sis, 45, 83 

2.1.3- Benzothiadiazole-4,5- and 4,7-diones, 
synthesis, 45, 84, 123 

2.1.3- Benzothiadiazoline 2,2-dioxide 
acidity, 44, 147 

electrophilic substitution, 44, 145 
oxidation, 44, 140 

Benzothiazoles, Claisen rearrangements in, 
42, 213, 230 

Benzothiazolyl group, substituent con¬ 
stants, 42, 52 

[1 ]Benzothieno[6,5-h]( 1 Ibenzothiophene- 
4,10-dione, synthesis, 45, 73 
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Benzo[I>]thiophene-2,3-dione, use in syn¬ 
thesis of benzothieno-fused quinones, 
45, 73 

Benzo[h]thiophene-4,S-diones, synthesis, 
45,69 

Benzo[h]thiophene-4,7-diones, occurrence 
and synthesis, 45, 70 
Benzo[h]thiophene$ 

Claisen rearrangements in, 42, 229 
cleavage of carbanions, 41, 45 
Benzo[h]thiophenium salts, structure, 45, 
158 

Benzo[h]thiophenium S-ylids, synthesis, 

45, 161 

Benzotriazole, quatemization rates in, 43, 
197 

Benzotriazole-4,5-diones, synthesis, 45, 82 
Benzotriazole-4,7-diones, synthesis, 45, 82 
Benzotriazoles, acidity and basicity, 41, 
262 

Benzotriazolyl groups, substituent con¬ 
stants, 42, 52 

3,1-Benzoxazepines, formation by photore¬ 
arrangement, 43, 61 

4,l,2-Benzoxazin-5,8-diones, synthesis, 45, 
121 

Benzoxazoles, Claisen rearrangements in, 
42, 213 

Benzoxazolyl group, substituent constants, 
42, 51 

Benzoyl heterocycles, conformation, 41, 
102 

Benzoylation of uracil, 43, 149 
Berberine alkaloids, reactions, 43, 60 
Betaines of 1,2,4,6-thiatriazine dioxide se¬ 
ries, 44, 159 

Biacridanylidenes, stereochemistry, 43, 

253 

Biaryls 

chiral, 43, 256 

restricted rotation in, 43, 256 
Bicyclo[4.2.0]oct-3-enes, 7-acetyl-, Cl 
mass spectra, 42, 340 
Biflavanylidenes, stereochemistry, 43, 253 
Bifluorenylidenes, stereochemistry, 43, 253 
Biindoles, polybromo-, chiral, 43, 256 
Bikaverin, structure, occurrence, biologi¬ 
cal activity, 45, 110 
Bile pigments, photochemistry, 43, 58 


Binaphthoquinones, polycyclic furan qui¬ 
nones from, 45, 65 

Biochemical aspects of hydroporphyrins, 
43, 116 

Biological activity 

of 1,4-diazocines and derivatives, 45, 

223 

of pyrazolopyrimidines, 41, 366 
of quinoline quinones, 45, 88 
Biological properties of sulfamide-contain- 
ing ring systems, 44, 188 
Biosynthesis of naphthyridinomycin, 45, 

95 

Biphenyl, heterocyclic analogs, restricted 
rotation and energy barriers, 43, 256 
Bipyridines, Chichibabin amination, 44, 41 
Bipyridines, bridged, chirality of, 43, 269 
2,2'-Bipyridines, formation in Chichibabin 
reaction, 44, 29 

N.N'-Bipyrroles, chiral, 43, 263 
Borane-pyridine adducts, 43, 185, 203 
Borinic esters, dibutyl-, stereocontrol us¬ 
ing. 45, 

Boron trichloride-pyridine adducts, 43, 203 
Boronate esters, mass spectra, 42, 395 
Boronic acids, aryl-, coupling with bromo- 
pyridines using Pd catalyst, 44, 208 
Boronic esters, pyridyl-, synthetic uses, 
44,222 

Bostrycoidin and derivatives 
structure and occurrence, 45, 95 
synthesis, 45, 96, 123 
Brasanquinones, structure and synthesis, 
45, 64, 65 

Brevicomin, synthesis, 42, 270, 321 
Bridged azaphosphorinanes, 43, 6, 9, 11, 
19, 21,26 
Bromination 
of pyridines, 44, 217 
of 1,2,4-triazines, 44, 242 
Brdnsted equations, 43, 176 
Brucine, oxidation, 45, 41 
Bryaquinone, structure, 45, 64 
Buchapsine, synthesis by Claisen rear¬ 
rangement, 42, 221 
Butenolides, synthesis, 42, 319 
Buttressing effects, 43, 235, 273, 275 
Butynedioic acid/ester, see 
Acetylenedicarboxylic 




SUBJECT INDEX 


309 


c 

Caldariellaquinone, occurrence and struc¬ 
ture, 45, 70 

Cannabinoids, mass spectra, 42, 394 
Cannabinol, (-)-(9R)-hexahydro-, synthesis, 
42, 326 

Caprolactam, conversion into DBU, 42, 85 
Caprolactim ethers, synthesis of pyrimi- 
doazepines from, 42, 147, 159, 161 
Carbacyclin, chiral synthesis, 45, 27 
Carbapenems, chiral synthesis, 45, 16 
Carbazole-l,2-dione, 45, 41 
Carbazole-1,4-dione, 5,6,7,8-tetrahydro-3- 
hydroxy-2-methyl-, 45, 40 
Carbazole-3,4-dione, 5,6,7,8-tetrahydro-2- 
methyl-, 45, 40 

Carbazole-1,4-diones, naturally occurring, 
45, 49 

Carbazoles, acidity and basicity, 41, 238 
Carbazoles, N-acyl-, rotation barriers, 43, 
251 

Carbazolyl groups, substituent constants, 

42, 53 

Carbene formation from thiophenium 
ylids, 45, 170 

Carbene, difluoro-, azomethine ylid gener¬ 
ation using, 45, 293 

Carbenes, reaction with 1,2,6-thiadiazine 
1,1-dioxides, 44, 117 
Carbenes and carbenoids, reaction with 
thiophenes, 45, 165, 172, 174 
Carbenes, heterocyclic, ring-cleavage, 41, 
67 

Carbohydrates, mass spectrometry of (re¬ 
view), 42, 335 

Carbonyl groups, as dienophiles, 42, 270 
Carboxylation using DBU, 42, 119 
Carpanone, synthesis, 42, 325 
Cathodic reduction of phosphonium salts, 

43, 10 

Cellobiose, FAB mass spectrum, 42, 385 
Cellobiose acetate, mass spectrum, 42, 389 
Cephalosporin, phosphorus analogs of, 43, 

7 

Cephalotaxine and derivatives, 43, 69 
Cephalotaxinone, synthesis, 43, 54 
Cephem, chiral recognition on acylation, 

45, 5 


Cervinomycins, structure, 45, 112 
Characterisation of carbohydrates by mass 
spectrometry, 42, 343 
Chemical ionization (Cl) mass 
spectrometry 

of 7-acetylbicyclo[4.2.0]oct-3-enes, 42, 
340 

of cyclic diols, 42, 341 
of saccharides, 42, 349 
of steroid derivatives, 42, 340 
Chemiluminescence of acridinium oxida¬ 
tion, 41, 299 

Chichibabin amination, see Amination 
Chichibabin reaction, advances in (re¬ 
view), 44, 1 
Chilenine, 43, 42, 69 
Chiral induction 

in cyclohex-4-ene-l,2-dicarboxylic acid, 
45, 27 

in 2,4-dimethylglutaric acid, 45, 24 
in 3-methylglutaric acid, 45, 22 
in norborn-5-ene-2,3-dicarboxylic acid, 

45, 26 

using heterocycles (review), 45, 1 
Chiral recognition in aminolysis of 3-acyl- 
thiazolidinethiones, 45, 4 
£>-Chloranil 

aromatization using, 44, 209, 210, 212, 
224, 225 

cyclization using, 45, 87 
Chlorination of pyridines, 44, 217, 228 
Chlorins 

reactions, 43, 100, 106 
structure, 43, 74 
synthesis, 43, 90, 96, 97, 107 
1-Chloro-l-nitrosocyclohexane, cycloaddi¬ 
tions of, 42, 287, 293 
B-Chlorophlorin, structure, 43, 75 
Chlorophyll-o, FAB mass spectrum, 42, 365 
Chlorosulfonyl isocyanate (CSl), use of in 
synthesis 

of dithiatriazines 44, 174 
of 1,2,4,6-thiatriazine, 1,1-dioxides, 44, 
170 

of trithiatriazines, 44, 174 
Cholestanes, 3-dimethylamino-3-methyl-, 
mass spectra, 42, 339 
Chrom-3-ene-5,6-diones, biological activ¬ 
ity, 45, 102 
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Chrom-3-ene-5,8-diones, ring-chain tauto- 
merism, 45, 101 

Cine-substitution on amination of 5-bromo- 
pyrimidine, 44, 51 

Cinnolines, quaternisation rates in, 43, 

197, 198 

Circular dichroism (CD) 
and conformation study, 41, 80; 43, 218 
temperature dependence, 43, 230 
Claisen and aza-Cope rearrangements 
in benzimidazoles, 42, 212 
in benzofurans, 42, 228 
in benzopyranones, 42, 224, 231 
in benzothiazoles, 42, 213, 230 
in benzothiophenes, 42, 229 
in benzoxazoles 42, 213 
in coumarins, 42, 224, 231 
in furans, 42, 207 

in heteroaromatic systems (review), 42, 
203 

in indoles, 42, 205, 215, 227 
in isoxazoles, 42, 215 
in naphthalenes, 42, 225 
in oxazoles, 42, 211 
in pyrazoles, 42, 211 
in pyridines, 42, 216 
in pyrimidines, 42, 222 
in pyrroles, 42, 205, 213 
in quinolines, 42, 220, 230 
in tetrazoles, 42, 212 
in thiophenes, 42, 207 
in triazines, 42, 223 
Cleavage 

of heterocyclic carbanions, 41, 44 
promoted by N lone-pairs, 41, 55 
Cleistopholine, occurrence and structure, 
45, 90 

(T-Complexes, see o-Adducts 
Concentration effects on acid-base equilib¬ 
ria, 41, 218 

Condensations using DBU, 42, 122 
Conformation 

of acyl groups (review), 41, 75 
of dibenzo[t’,g][l,4]diazocines, 45, 212 
of 1,4-dihydro-1,4-diazocines, 45, 211 
of 5,12-dihydrodibenzo[h J][ 1,4]diazoci- 
ne-6,ll-diones, 45, 215 
of 5,6,11,12-tetrahydrodibenzo[6,/][ 1,4]- 
diazocines, 45, 214 


Conformational equilibria, acyl, substitu¬ 
ent effects, 41, 103 
8-Coniceine, synthesis, 42, 261 
Copper catalysis 

in Grignard reactions, 44, 210, 225 
in rearrangement of thiophenium ylids, 
45, 168 

Copper complexes 

in azomethine ylid generation, 45, 280, 
313 

of 1,4-azaphosphorines, 43, 10 
Copper reagents, organo-, reactions with 
pyridines, 44, 210 
Copper-pyridine reagents, 44, 222 
Cornforth rearrangement of oxazoles, 41, 
57 

Coronands, keto-, conformation, 41, 113 
Correlation of acidity and basicity of 
azoles, 41, 231 

Coumarins, Claisen rearrangements in, 42, 
224, 231 

Covalent hydration of fused pyrazines, 43, 
321 

Crinane, synthesis, 42, 288 
Cruciaromaticity, 43, 79 
Cryptopleurine, synthesis, 42, 265 
Cryptosporin, structure, 45, 103 
Crystal structure 
of porphyrins, 43, 81 
see also X-ray crystallography 
Cyanide ion, cleavage of pyridiniopyri- 
dines by, 44, 214 
Cyanocycline-A, structure, 45, 95 
Cyanogen, condensation with sulfamides, 
44, 149 

[2.3.4] Cyclazine-3,4-quinone, 5-cyano-, 43, 
44 

[2.2.4] Cyclazinium salts, 43, 44 
Cycloaddition reactions, hetero- (review), 

42, 245 

Cycloadditions 

forming 3a-azaazulenes, 43, 59 
of azomethine ylids, 45, 231-344 
of six-membered heterocycles, 43, 334, 
342 

to 3a-azaazulenes, 43, 46 
to vinylporphyrins 
of DMAD, 43, 102 
of nitrosobenzenes, 43, 104 
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of tetracyanoethylene, 43, 102 
Cyclobutenones, 4-hydroxy-4-aryl-, rear¬ 
rangement, 45, 56 

Cyclodextrins, FAB mass spectra, 42, 358 
Cyclopenta[g/i]perimidines, Chichibabin 
amination, 44, 69 

Cyclospongiaquinones, structure, 45, 110 
Cyperaquinones, occurrence and structure, 
45, 57 

Cytosine, alkylation 43, 140 


D 

Daunomycin, analogs of, synthesis, 45, 51, 
73 

Daunosamine, synthesis, 42, 273 

Deactivation factors in substituted pyrimi¬ 
dines, 42, 63 

Deacylcyclindrocarpol, mass spectrum, 42, 
338 

Dealkylation kinetics in pyridinium salts, 
43, 189 

Decarboxylation route to azomethine 
ylids, 45, 269 

Decarboxylative ring-cleavage, 41, 50, 51, 
52, 54 

Decker oxidation 

of (l]benzopyrano[2,3-i]pyridinium 
salts, 41, 302 

of isoquinolinium salts, 41, 299 
of pyridinium salts, 41, 276, 286 
of quinolinium salts, 41, 296 
of quinoxalinium salts, 41, 304 

Deprotonation route to azomethine ylids, 
45, 256 

Dequatemization of pyridinium salts, 43, 
278 

Dequatemization reactions, 43, 189, 201 

Desosamine, synthesis, 42, 298 

Deuterium; size of CD bonds relative to 
CH, 43, 187 

Diaminofumaronitrile, 41, 4 

Diaminomaleonitrile (DAMN), 41, 4, 15 

Di-anionic o-adducts in Chichibabin reac¬ 
tions, 44, 5, 23, 71 

1,2-Diarylpyridinium salts, photocycliza- 
tion, 41, 294 

Diastereocontrolled aldol reactions, 45, 7 


DiazabicycloI2.2.2]octane (DABCO) quat- 
eraization, 43, 182 

1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) 
and other pyrimidoazepines (review), 
42, 83 

1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) 
applications, 42, 91, 170; 45, 31 
basicity, 42, 91 

physicochemical properties, 42, 91 
reactions, 42, 86, 169 
synthesis, 42, 85 
use in chlorin synthesis, 43, 108 
uses, 42, 91. 170, 45, 31 
I3/J-6,13a-Diazadinaphtho[2,3-a,-2',3'- 
elpentalene, 45, 203 

1.3.2.4- Diazadiphosphorines, 43, 25 

1.3.4.6- Diazadiphosphorines, 43, 26 

1.4.2.5- Diazadiphosphorines, 43, 27 

1.3.2- Diazaphosphole, 4,5-dicyano-, 41, 35 

1.2.5- Diazaphospholes, ring-expansion, 43, 
16 

1.2.3- Diazaphosphorines, 43, 16 

1.2.4- Diazaphosphorines, 43, 17 

1.3.4- Diazaphosphorines, 43, 17 

1.3.5- Diazaphosphorines, 43, 18 
1,4,2-Diazaphosphorines, 43, 24 
Diazaquinomycin, occurrence and struc¬ 
ture, 45, 92 

1.3.2.4.6- Diazatriphosphorines, 43, 28 
6//-l,4-Diazepines, formation from 

DAMN, 41, 34 
Diazinium salts 

addition of methanol to, 43, 323 
hydration, 43, 321 

polarographic reduction potentials, 43, 
321 

reactions with dinucleophiles, 43, 321 
Diazoacetic ester, reaction with quinones, 
45,76 

Diazoalkyl heterocycles, ring-cleavage, 41, 
67, 70 

1.4- Diazocane-5,8-dione, synthesis, 45, 

188 

1.4- Diazocanes 
synthesis, 45, 187, 199 
uses, 45, 223 

1.4- Diazocine dianion, 45, 193 
Diazocines, perhydro-, see Diazocanes 

1.4- Diazocines (review), 45, 185 
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1.4- Diazocines, 1,4-dihydro- 
conformation, 45, 211 
spectra 

MCD, 45, 210 
NMR, 45, 210 
synthesis, 45, 192 

1/J-[1,4]Diazocino[7,8, l-/(i]indol-2(3«)- 
one, 4,5-dihydro-, 45, 189 

[1.4] DiazocinoI2,l-fl]isoindolones, 45, 189 

[1.4] Diazocino[8,l-fl]isoindolones, 45, 189 

1.4- Diazocinones, formation by Schmidt 
reactions, 45, 190 

1.4- Diazocin-5(4/0-ones, 2,3,6,7- 
tetrahydro- 

synthesis, 45, 207 
uses, 45, 223 

2-Diazo-4,5-dicyano-2//-imidazole, 41, 9 

Diazolium salts, adducts with dienes, 41, 

11 

Diazomethane 

methylation 

of pyrimidinones, 43, 140 
of 1,2,4,6-thiatriazine 1,1-dioxides and 
related species, 44, 161 
of triazinediones, 43, 146 
reaction with quinones, 45, 74, 82 

Dibenz[i,e]indolizine-8,11-diones, synthe¬ 
sis, 45, 51 

Dibenzo[6,/)]carbazole-5,13-dione, 6-phe¬ 
nyl-, synthesis, 45, 52, 118 

Dibenzo[l>,/t]carbazole-5,7,12,13-tetrones, 
synthesis, 45, 50, 52, 122 

Dibenzo[i [ 1,4]diazocine-6,11 -dione, 
5,12-dihydro- 
conformation, 45, 215 
controversy surrounding structure, 45, 
197 

formation from a diazabenzobipheny- 
lene, 45, 195 

Dibenzo[6J][l,4]diazocines and related 
compounds 

controversy surrounding, 45, 202 
optical resolution, 45, 205, 216 

Dibenzo[6^/][l ,4]diazocines, 

5,12-diacetyl-5,6,11,12-tetrahydro-, con¬ 
formation, 45, 214 

Dibenzo[6J][l ,4]diazocines, 6,11-diaryl-, 
diborane reduction with rearrange¬ 
ment, 45, 219 


Dibenzo[e,g][l ,4]diazocines 
conformation, 45, 212 
metal complexation, 45, 214 
optical activity and racemization, 45, 

213 

Dibenzo[6^/][ 1,4]diazocin-6(5/0-one, deriv¬ 
ative, synthesis, 45, 187 
Dibenzo[6,/][ 1,4]diazocin-6(5/0-one, 11,12- 
dihydro-12-tosyl-, synthesis, 45, 188 
Dibenzoll,4]dioxin quinones, 45, 114 
Dibenzoll,4]dithiin quinones, 45, 115 
Dibenzofuran-l,4-diones, 45, 59, 60 
Dibenzofuran-3,4-diones, 45, 59 
Dibenzofuran-1,4,5,8-tetrone, 3,6-dihy- 
droxy-2,7-dimethyl-, 45, 60 
Dibenzo|e,g]phenanthro|9,10- 

6]|l,4]diazocine, 5,14-dihydro-, 45, 

196 

Dibenzo|c.e][l,2,7]thiadiazepine 2,2-diox¬ 
ide, 1,3-dihydro-, synthesis, 44, 184 
Dibenzothiophene-l,4,6,9-tetrones, 45, 115 
2,3-Dichloro-4,5-dicyanobenzoquinone 
(DDQ), uses, 45, 60, 103, 104 
Dielectric effects and conformation study, 
41, 80 

Diels-Alder reactions, inverse electron de¬ 
mand, 43, 342 

Diels-Alder reactions, hetero-, natural 
product synthesis by (review), 42, 245 
Dielsiquinone, structure and occurrence, 
45,90 

Difluorocarbene, azomethine ylid genera¬ 
tion using, 45, 293 

Diformyl heterocycles, conformation, 41, 
97 

3,6-Dihydro-2//-l,2-thiazine 1-oxides, 42, 
297 

Dihydromaritidine, synthesis, 42, 290 
Diimide reduction of tetraphenylporphyrin, 
43, 95 

Diiminosuccinonitrile (DISN), 41, 6, 15, 28 
Diketene, condensation with sulfamide, 44, 
121 

Dimers, proton-bound, dissociation, 41, 

198 

o-DImethoxy substitution, effect of on 
Chichibabin reactions, 44, 19, 61 
Dimethyl acetylenedicarboxylate (DMAD), 
see Acetylenedicarboxylic esters 



SUBJECT INDEX 


313 


Dimethyl sulfoxide, acid-base equilibria in, 
41, 217 

Dimethylamides, rotational barriers, 43, 
246 

Dimethylamino groups, rotational barriers 
for, 43, 241 

Dimethylamino-quinolines and isoquino¬ 
lines, quatemization, 43, 273 
Dimroth rearrangement 
of a triazolo[4',3'-l,2]pyrimido[4,5-i)] 
azepine, 42, 163 

of pyrazolo[3,4-</|pyrimidines, 41, 335 
on alkylation 
of aminopyrazine, 43, 144 
of 2-aminopyrimidine, 43, 137 
of 3-amino-1,2,4-triazine, 43, 145 
of amino-1,3,5-triazines, 43, 147 
Dinaphtho[l,2-i),2',3'-</]furan-7,l2-diones, 
45, 66 

Dinaphtho[ 1,2-6,2', 1 '-<f|furan-5,6,7,8- 
tetrone, 45, 65 

Dinaphtho[ 1,2-6,2' ,3 '-(flfuran-5,6,7,12- 
tetrone, 45, 65 

Dinaphtho[2,3-6,2',3'-c/]furan-5,7,12,l3- 
tetrone, 45, 65 

Dinaphth[2,3-6,2',3'-e][l,4]oxazine- 

5,7,12,14-tetrone, 13-phenyi-, synthe¬ 
sis, 45, 118 

Diodantunezone, occurrence and struc¬ 
ture, 45, 56 

1,4-Dioxino-fused heterocycles, synthesis, 
43, 318 

Dipole moments of 1,2,6-thiadiazine 1,1-di¬ 
oxides, 44, 85 
2,2 '-Dipy ridylamine 
amination, 44, 27 

formation in Chichibabin reaction, 44, 31 
Disaccharides 

FAB mass spectra, 42, 375, 382 
nomenclature, 42, 368 
Disproportionation 
of acridinium pseudobases, 41, 298 
of pyridinium pseudobases, 41, 280 
Dissociation of proton-bound dimers, 41, 
198 

1,4,2,6-Dithiadiazine 1,1-dioxides, 44, 163 
Di[ 1,2,5]thiadiazolo[3,4-6,-3' ,4'-e]pyrazine 
2,2,6,6-tetroxide, dihydro¬ 
acidity of, 44, 148 


disodium salt of, 44, 142 
2W,6//-1,5,2,4,6,8-Dithiatetrazocine 

1,1,5,5-tetroxides, tetrahydro-, synthe¬ 
sis, 44, 184 

1,3X^2,4,6-Dithiatriazine 1,1-dioxide, 5- 
trimethylsilyloxy- 
mass spectrum, 44, 158 
synthesis, 44, 174 

1,3X'‘,2,4,6-Dithiatriazine 1,1,3-trioxides, 
synthesis, 44, 174 

1,3X'‘,2,4,6-Dithiatriazin-5(660-one 1,1- 
dioxide, 3,3-dimethyl- 
acidity, 44, 161 
synthesis, 44, 175 

l,3,2,4,8-Dithiatriazocine-5,7-dione, 
1,1,3,3-tetroxide, synthesis, 44, 

186 

1,4-Dithiino-fused heterocycles, synthe¬ 
sis, 43, 314, 316 

1,2-Dithiolium ion, 3-dimethylamino-, 
rotational barrier, 43, 245 
Dual substituent parameter (DSP) treat¬ 
ment, 43, 179 

Dunniones, occurrence and structure, 

45, 58 

Dynamic stereochemistry, methods of 
study, 43, 217 


E 

Elaeokanine synthesis, 42, 261 
Elbs oxidation of pyrimidines, 44, 234 
Electrochemical reduction 
of porphyrins and hydroporphyrins, 43, 
88, 91 

of pyrazolo(l,5-o]pyrimidines, 41, 354 
Electrochemistry 
of isoquinoline-5,8-diones, 45, 97 
of quinoxaline-5,8-diones, 45, 100 
Electron acceptor substituents in Chichi¬ 
babin reactions, 44, 18 
Electron donor substituents in Chichibabin 
reactions, 44, 20 

Electron impact (El) mass spectrometry of 
sugar derivatives, 42, 344 
Electron spectroscopy for chemical analy¬ 
sis (ESCA) of uracil derivatives, 43, 
130 
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Electron spin resonance (ESR) 
and conformational study, 41, 82 
of a benzobistriazole quinone, 45, 83 
Electron transfer in Chichibabin reactions, 

44,6 

Electronic effects 

of heteroaromatic groups (review), 42, 

separation from steric, 43, 175 
Electrophiles, reactions of annular nitro¬ 
gens of azines with (review), 43, 127 
Eleokanine, synthesis, 42, 261 
Eleutherins, occurrence and synthesis, 45, 
105 

Elimination reactions, DBU in, 42, 100 
Ellipticine, synthesis, 42, 308 
Enantiomeric purity, determination of, 45, 
3 

Ene reaction of formaldehyde, 42, 285 
Energetics of acyl group conformations, 
41, 77 
Enzymes 

dehydrogenase, 45, J18 
oxidation of heteroaromatic iminium 
salts using, 41, 310 
Epicorynoline, synthesis, 42, 309 
Epilupinine, synthesis, 42, 263, 264, 306; 
45, 20 

Epoxide deoxygenation by carbenes, 45, 
171 

Erysopine I, rearrangement, 43, 61 
Erythrina alkaloids, 43, 68; 45, 341 
Erythroidine, rearrangement, 43, 61, 68 
Eschenmoser’s base, 45, 32 
Eserethole, synthesis, 45, 341 
Ethoxymethylenemalonic ester (EMME) 
condensation with 3-aminopyrazoles, 
41, 328 

Ethylenediamines 

condensation with benzocyclobutenedi- 
ones, 45, 208 

in 1,4-diazocine synthesis, 45, 188, 196, 
199, 203, 206 

Eupolauramine, synthesis, 42, 316 
Europium complexes as condensation me¬ 
diators, 42, 284 

Evodiamine, synthesis, 42, 249 
Excited state values, 41, 220 
Experimental determination of pX values, 
41, 202 


F 

Fabianine, synthesis, 42, 302 
Fast atom bombardment (FAB) mass spec¬ 
trometry, 42, 357, 366, 370-398 
Ferricyanide oxidation 
of pyridinium salts, 41, 276 
of quinolinium salts, 41, 279 
Field desorption (ED) mass spectra 
of glycosides, 42, 342 , 354 
of oligosaccharides, 42, 352 
Five-membered heterocycles 
aromaticity of, 45, 152 
transmission of electronic effects, 42, 73 
Flash desorption mass spectrometry, 42, 
357 

Flavoskyrin, biosynthesis, 42, 323 
Flowing afterglow, 41, 197 
Fluorescence in porphyrins and hydropor¬ 
phyrins, 43, 82 
Fluoride desilylation, 45, 242 
Foramycins, synthesis, 41, 346 
Formyl heterocycles, conformation, 41, 83 
Fourtneine, structure, 43, 69 
Free radicals, phosphorus-containing, 43, 

11 

Frdmy’s salt, quinone synthesis using, 45, 
40, 42, 46, 55, 59, 69, 81, 85, 86, 96, 
114, 120 

Friedel-Crafts acylation reactions 
of dihydropyridines, 44, 223 
of pyridines, 44, 217 

Friedel-Crafts cyclizations, forming azaa- 
zulene derivatives, 43, 52 
Friedel-Crafts triazination, 44, 244 
Fries rearrangement, anionic, in lithiopyri- 
dines, 44, 219, 220 
Frogs, poison-arrow, 42, 293 
Frondoside-A, mass spectrum, 42, 397 
Frontalin, synthesis, 42, 321 
Frontier molecular orbital (FMO) theory 
and azomethine ylid cycloadditions, 45, 
319 

and heterocyclic cycloadditions, 43, 342 
and thiophene reactivity, 45, 165 
Fructosides (sucrose, turanose), FAB 
mass spectra, 42, 384 
Fucose, synthesis, 42, 273 
Furanoeremophilanes, synthesis, 42, 318 
Furan ring annelation, 43, 311 
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Furano-fused quinones, 45, 54 
Furans 

Claisen rearrangements in, 42, 207 
cleavage of carbanions, 41, 44 
synthesis using oxazoles, 42, 308, 318, 
320 

Furans, acyl, conformation, 41, 83 
Furazano[3,4-c][l,2,6]thiadiazine 1,1- 
dioxides 
acidity, 44, 110 
glycosylation, 44, 114 
NMR spectra, 44, 94 
synthesis, 44, 112, 128 
tautomerism, 44, 108 

Furazano[3,4-c][l ,2,6]thiadiazine 1,1-diox¬ 
ides, glycosylated 
biological activity, 44, 188 
synthesis, 44, 114 
Furazans, cleavage by base, 41, 53 
Furoxans, cleavage by base, 41, 54 
Furyl groups 

substituent constants, 42, 43 
substituent effects, 42, 61 
Fusarubin and derivatives, structure, 45, 
106 


G 

Galactoside, p-nitrophenyl, FAB mass 
spectrum, 42, 372 

Galactosyl glycosides (lactose, melibiose), 
FAB mass spectra, 42, 383 

Gas-phase 

acidities and basicities of azoles in, 41, 
191, 195 

structures of protonated azoles in, 41, 
225 

Gas-phase ion-molecule reactions, stereo¬ 
chemistry, 42, 342 

Gear effect, 43, 233 

Gear-clashed conformations in polymeth- 
ylpyridines, 43, 275 

Gentiobiose, FAB mass spectrum, 42, 385 

Gephyrotoxin, synthesis, 42, 293, 302 

Gliotoxins, reactions of, 42, 174 

Glucosides, simple, FAB mass spectra, 42, 
370 

Glutaric acid, meso-2,4-dimethyl-, asym¬ 
metric transformations, 45, 24 


Glutaric acid, 3-methyl-, asymmetric trans¬ 
formations, 45, 22 
Glycosides 

elimination reactions in, 42, 103, 174 
mass spectra, 42, 339, 342, 351, 354, 370 
nomenclature, 42, 368 
of N-heterocycles, conformation and ro¬ 
tation barriers, 43, 229 
of pyrazolopyrimidines, 41, 340, 246, 

356 

of 1,2,6-thiadiazine 1,1-dioxide, rotamer- 
ism, 44, 102 
Glycosylation 

of fused imidazoloquinones, 45, 80 
of fused pyrazoloquinones, 45, 77 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 112 
Gnididione, synthesis, 42, 320 
Gold(III) complexes of organic bases, 43, 
207 

Granaticin, occurrence and structure, 45, 

III 

Grignard reagents, reactions 
copper-catalyzed, 44, 211, 223, 225 
with pyridine oxides and derivatives, 44, 
214 

with pyridines, 44, 200, 209, 224 
with pyrimidines, 44, 233 
Griseusin, occurrence and structure, 45, 112 


H 

Halogenation 
of pyridazines, 44, 231 
of pyridine N-oxides, 44, 218 
of pyridines, 44, 217 
Halogens, complexation with pyridines, 

43, 208 

Hammett substituent constants of hetero¬ 
aromatic rings (review), 42, 41 
Hammick reactions of pyridinecarboxylic 
acids, 44, 223 
Helinudichromene, 45, 101 
Heliotridine, synthesis, 42, 293 
Herbicidal thiadiazine dioxides, 44, 188 
Heteroaromatic anions, ring-opening of 
five-membered (review), 42, 41 
Heteroaromatic rings as substituent 

groups, electronic effects (review), 42, 
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Heterocycles, chiral induction using (re¬ 
view), 45, 1 

Heterocyclic chemistry, reviews in, 44, 

269 

Heterocyclic iminium salts, oxidative 
transformations of (review), 41, 275 
Heterocyclic quinones (review), 45, 37 
Heterocyclic synthesis from hydrogen cya¬ 
nide derivatives (review), 41, 1 
Hetero-Diels-Alder reactions, natural prod¬ 
uct synthesis by (review), 42, 245 
(-)-(9R)-Hexahydrocannabinol, synthesis, 
42, 326 

Hexamethylenetrisulfohexamine, 44, 186 
High-pressure mass spectrometry (HPMS), 
41, 196 

Hikosamine, synthesis, 42, 284 
Histamine H^-receptor antagonists, 44, 189 
Hofmann degradation of an alkaloidal salt, 
43,48 

£-Homoebumanes, 14-hydroxy-, stereo¬ 
chemistry, 43, 39 

Hiickel M. O. parameters in Chichibabin 
reaction, 44, 16 

Hydantoin, 4-methyl-l-phenyl-, as imida- 
zoledione precursor, 42, 252 
Hydrazine, as dinucleophile in reactions 
with heterocycles, 43, 305 
Hydride elimination in Chichibabin reac¬ 
tion, 44, 7 

Hydride transfer in Chichibabin reaction, 
44,8 

Hydroboration of zinc octaethylporphyrin, 
43,95 

Hydrogen, formation in Chichibabin reac¬ 
tion, 44, 7, 23 

Hydrogen-bonding association and azoles, 
41, 211 

Hydrogen cyanide derivatives, heterocy¬ 
cles from (review), 41, 1 
Hydrogen peroxide oxidation 
of acridinium salts, 41, 299 
of pyridinium salts, 41, 294 
Hydrogenated porphyrin derivatives (re¬ 
view), 43, 73 
Hydrogenation 

catalytic, of porphyrins and hydropor¬ 
phyrins, 43, 94 

photochemical, of porphyrins and hydro¬ 
porphyrins, 43, 92 


Hydroporphyrins (review), 43, 73 
biochemical aspects, 43, 116 
crystal structure, 43, 79 
redox potentials, 43, 88 
synthesis, 43, 90 

Hydroxamic acid oxidation, 42, 288 
Hydroxyalkylpyridinium salts, oxidation, 
41,289 

Hydroxygalegine, synthesis, 42, 288 
4-Hydroxyimino-1,2,6-thiadiazine 1,1 -diox¬ 
ides, 3,5-diamino- 

displacement of amino groups, 44, 118 
synthetic use, 44, 128 
4-Hydroxyimino-1,2,6-thiadiazin-3(2H)-one 
1,1-dioxides, 5-amino- 
isomerism of oxime group, 44, 101 
tautomerism, 44, 105 
Hydroxylamine, as dinucleophile in reac¬ 
tions with heterocycles, 43, 305 


Imidazole, 2-diazo-4,5-dicyano-, 41, 9 

Imidazoles 

acidity and basicity data, 41, 239 
quatemization rates, 43, 197 
substituent effects in, 42, 67 
synthesis from HCN oligomers, 41, 6 

Imidazoles, IV-acyl, conformation, 41, 127, 
133 

Imidazoles, condensed, Chichibabin ami- 
nation, 44, 56 

Imidazoline-2,5-dione, 4-methoxy-1 -phe¬ 
nyl-, as aza-dienophile precursor, 42, 
252 

Imidazoline-2-thiones, conformation of 
substituents, 43, 231, 234 

ImidazoIine-2-thiones, l-aryl-, rotational 
barriers, 43, 267 

Imidazolyl groups, substituent constants, 
42,46 

5ff-Imidazo(2,l-o]isoindole, 2,3-dihydro-5- 
phenyl-, 45, 203 

Imidazo[l ,2-a]pyridines, quatemization 
rates, 43, 277 

Imidazo[4,5-g]quinazoline-4,5,9-triones, 

45, 120 

Imidazo[4,5-/]quinoline, 3-benzyl-, amina- 
tion, 44, 63 
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4^J-Iiiiidazo[4,5, l-j/Jquinoline, 5,6-dihy- 
dro-, Chichibabin amination, 44, 65 
Imidazo[l ,2-a]quinoxaline, Chichibabin 
amination, 44, 65 

Imidazo[4,5-c][l,2,6]thiadiazine 2,2-diox¬ 
ides, synthesis, 44, 128 
Imination, oxidative, of pyridinium salts, 
41, 282 

Iminium salts, heterocyclic, oxidation of 
(review), 41, 275 
Indazole-4,5-diones 
biological activity, 45, 75 
synthesis, 45, 74 

l/f-lndazole-4,7-diones, synthesis, 45, 74, 
82 

2/f-Indazole-4,7-diones 
crystal structure, 45, 76 
synthesis, 45, 75 

W-Indazole-6,7-diones, synthesis, 45, 74 
Indazoles 

acidity and basicity data, 41, 256 
cleavage by base, 41, 51 
Indazolyl groups, substituent constants, 
42,51 

Indole quinones, 45, 39 
Indole, l-ethyl-4-hydroxy-2,6-dimethyl-, 
oxidation to quinones, 45, 40 
Indole-4,7-diones, synthesis 
from 2-azido-3-alkenylbenzoquinones, 
45, 43 

using benzocyclobutenones, 45, 44 
Indoles 

acidity and basicity data, 41, 235 
Claisen rearrangements in, 42, 205, 228 
cleavage of dilithio derivatives, 41, 49 
Indoles, A/-acyl- 
conformation, 41, 131, 134 
rotation barriers, 43, 251 
synthesis from nitropyridinium salts, 43, 
340 

Indoles, 1-isopropyl-, conformation, 43, 
235 

Indoles, perhydro-, synthesis, 42, 289 
Indoles, l-(trimethylsitylmethyl)-, azo- 
methine ylids from, 45, 248 
Indolizidines, synthesis, 42, 302, 305 
Indolizines, hexahydro-, synthesis by in¬ 
tramolecular cycloaddition, 42, 261, 
269 

Indolizino-fused quinones, 45, 66 


Indolo[3,2-*]carbazole-6,12-dione, 5,11-di- 
methyl-, synthesis, 45, 51 
Indolyl groups, substituent constants, 42, 
50, 56, 60 

3-Indolylmalonic ester, synthesis, 45, 171 
Indoxazenes, cleavage by base, 41, 50 
Inductive substituent constants (cr,) of azi- 
nyl groups, 42, 16 
Infrared spectra 
of 3a-azaazulenones, 43, 39 
of porphyrins and hydroporphyrins, 43, 
84 

of 1,2,6-thiadiazine 1,1-dioxides, 44, 98 
of 1,2,5-thiadiazole 1,1-dioxides, 44, 135 
Infrared spectroscopy in substituent con¬ 
stant determination, 42, 5, 10 
Inositolamine, hexaacetyl-, synthesis, 42, 
288 

Intramolecular cycloaddition 
of carbonyl groups, 42, 285 
of oxazoles, 42, 316, 318, 320 
of pyrimidine-4,6-diones, 42, 317 
Inversion at trigonal sulfur 
in thiophene 5-oxides, 45, 153 
in thiophene 5-ylids, 45, 162 
in thiophenium salts (calculated), 45, 

158 

Ion cyclotron resonance spectroscopy, 41, 
196 

and azole acidity and basicity, 41, 214 
Ionic strength correction of pX data, 41, 
203 

Iridodial, synthesis, 42, 322 
Isatin, azomethine ylids from, 45, 266 
Isoalloxazine analogs, reaction with di¬ 
nucleophiles, 43, 307 
Isobacteriochlorins 
structure, 43, 74, 81 
synthesis, 43, 110 
Isohacteriophin, synthesis, 43, 114 
Isohenzofuran quinones, 45, 67 
Isobenzofuran-4,7-dione, 45, 68 
Isochroman-5,8-diones, 45, 102 
Isognididione, synthesis, 42, 320 
Isoindole, 2-(2-aminophenyl)-l,3-diphenyl-, 
formation, 45, 219 

Isoindole-4,7-dione, 5-methoxy-2,6-dimeth- 
yl- (reniera isoindole) 
occurrence, 45, 53 
synthesis, 45, 340 
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Isoindole-4,7-dione, 2-phenyl-, cycloaddi¬ 
tion, 45, 54 

Isoindole-4,7-diones, synthesis, 45, 53, 340 
10//-Isoindolo[2,l-a]benzimidazole, forma¬ 
tion, 45, 202 

10/f-Isoindolo[2,l-a]benzimidazol-l0-one, 
dichloro-, formation, 45, 219 
Isomerisations, DBU-induced, 42, 93 
Isoporphyrin, structure, 43, 75 
Isoprosopinine-B, synthesis, 42, 258 
Isoquinoline 

(T-adduct formation from, 44, 10 
Chichibabin reaction of, 44, 5, 20, 47 
Isoquinoline quinones, 45, 92 
Isoquinoline-1,4-diones, synthesis and re¬ 
activity, 45, 85 
Isoquinoline-5,8-diones 
‘^C NMR, 45, 97 

electrochemical reduction, 45, 97 
reactivity, 45, 96 
synthesis, 45, 96 
Isoquinolines, 3,4-dihydro- 
azomethine ylids from, 45, 262, 267 
Diels-Alder reactions with, 42, 246 
Isoquinolines, halo-, amination, 44, 48 
Isoquinolinium pseudobases 
disproportionation, 41, 300 
oxidation, 41, 299 
Isoquinolinium salts 
addition of nitroalkanes, 43, 335 
cycloadditions, 42, 309; 43, 343 
steric effects on cycloadditions, 43, 214 
Isoselenazoles, lithiation and ring-cleav¬ 
age, 41, 52 

Isotanshinone, structure, 45, 123 
Isothiazoles 

lithiation and ring-cleavage, 41, 52 
quatemization rates, 43, 186 
Isotope effects, secondary (H/D), steric 
and electronic, 43, 187 
Isoxazoles 

cleavage by base, 41, 49, 58 
rearrangement to pyrazoles, 42, 172 
Isoxazoles, acyl-, conformation, 41, 105 
Isoxazoles, 3-amino-, conversion into 
1,2,6-thiadiazine 1,1-dioxides, 44, 127 
4-Isoxazolines, azomethine ylids from, 45, 
287 

Isoxazolium salts, cleavage by base, 41, 51 


J 

Janus groups, 43, 234 


K 

Kalafungin and derivatives 
occurrence and structure, 45, 106 
synthesis, 45, 107 

KDO (deoxyoctulopyranosate), synthesis, 
42, 132 

Khellinquinone, structure, 45, 120 
Kigelinone, occurrence and structure, 45, 
57 

Kinetic isotope effect (H/D) in base-cleav¬ 
age reactions, 41, 49, 43 
Kinetics 

of acid-base equilibrium processes, 41, 
219 

of alkylation of monocyclic azines, 43, 

131 

of Chichibabin reaction, 44, 4, 5, 6, 8 
of dequatemization of pyridines, 43, 278 
of oxidation of pyridinium salts, 41, 279 
of piperidinodechlorination of azines, 43, 
277 

Knoevenagel condensation, using DBU, 
42, 132 

Konduramin-Fl tetraacetate, 42, 288 


L 

Lambertellin, occurrence and structure, 

45, 105 

B-Lactam antibiotics containing thiadiazol- 
idine dioxide rings, 44, 189 

B-Lactams 

cyclization using diazomalonic ester/ 
PhjP, 45, 12 

diastereoselective syntheses, 45, 11, 13, 
30 

see also Azetidinones, Cephams, Ceph- 
ems, Carbapenems, Oxapenams, 
Penams 

B-Lactams, 3-amino-, chiral recognition on 
acylation, 45, 5 

B-Lactones, reactions involving DBU, 42, 
104 
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Lactose, FAB mass spectra, 42, 383 
P-Lactoside, phenyl, FAB mass spectra, 
42, 388 

Lanthanide complexes, in condensation re¬ 
actions, 42, 277, 278, 284, 324 
Lanthanide shift reagents, complexation 
with azines, 43, 206 
Lapachols, 45, 62, 102 
a-Lapachone, 45, 102 
derivatives, 45, 104 
rearrangement, 45, 103 
a-Lapachone, 3,4-didehydro-, 45, 104 
P-Lapachones 
basicity, 45, 103 
occurrence, 45, 102 
rearrangements, 45, 62, 103 
structure, 45, 102 

Large rings containing the sulfamide moi¬ 
ety, 44, 186 

Laser desorption (LD) mass spectrometry, 

42, 356 

Lavendamycin 
occurrence, 45, 88 
synthesis, 42, 312; 45, 88, 123 
Lawesson’s reagent, reaction with aceto¬ 
phenone oxime, 43, 4 
Lead tetraacetate oxidation of 1-aminopyr- 
idinium salts, 41, 296 
Lewis acid complexation with pyridines 
and analogs, 43, 203 
Ligularone, synthesis, 42, 318 
Lincosamine, synthesis, 42, 274 
Linear free energy relationships (LFER), 

43, 175 and tautomerism 41, 224 
Literature of heterocyclic chemistry (re¬ 
view), 44, 269 

Lithiation 

of pyridines, 44, 200, 218-222 
see also Carbanion cleavage 
Lithiomethyl derivatives of heterocycles 
cleavage of, 41, 65 
addition to pyridine ring, 44, 212 
Lithium chelates in azomethine ylid gener¬ 
ation, 45, 284, 313, 332 
Lithium organometallics, addition to pyri¬ 
dines, 44, 200-203, 212 
Lone-pair (electron) on nitrogen, ring- 
cleavage promoted by, 41, 55 
epi-Lupinine, synthesis, 42, 263, 264 


2,6-Lutidine, 4-dialkylamination, 44, 34 
3,4-Lutidine, Chichibabin amination, 44, 
25, 36 

Lutidines, amination, 44, 36 
Lycorane alkaloid synthesis, 45, 342 
Lysergic acid, synthesis, 42, 259 


M 

Macromolecules, syntheses using DBU, 
42, 140, 178 

Magnetic circular dichroism (MCD) 
spectroscopy 

of 1,4-dihydro-1,4-diazocine, 45, 210 
of porphyrins and hydroporphyrins, 43, 
86 

Maltose, FAB mass spectrum, 42, 385 
Maltose acetate, FAB mass spectrum, 42, 
389 

Manganese(III)-induced oxoalkylation of 
pyridines, 44, 229 
Mannich reactions 
of pyridazines, 44, 231 
of pyrimidines, 44, 234 
Mansonones, structure and synthesis, 45, 
109 

Mass spectra 

of 5-alkyIthiophenium salts, 45, 156 
of a l,3k'*,2,4,6^dithiatriazine 1,1-diox¬ 
ide, 44, 158 

of 3-dimethylaminocholestane deriva¬ 
tives, 42, 339 

of fused quinolizidines, 42, 338 
of hydroporphyrins, 43, 86 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 99 
of 1,2,5-thiadiazole 1,1-dioxides, 44, 136 
of 1,2,4,6-thiatriazine 1,1-dioxides, 44, 
158 

see also Mass spectrometry 
Mass spectral techniques 
chemical ionization (Cl), 42, 349 
electron impact (El), 42, 344 
fact atom bombardment (FAB), 42, 357 
flash desorption, 42, 356 
field desorption (FD), 42, 351 
field ionization (FI), 42, 351 
laser desorption (LD), 42, 356 
matrix support, 42, 362 
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Mass spectral techniques (com.) 
molecular beam for solid analysis 
(MBSA), 42, 360 
plasma desorption (PD), 42, 356 
secondary ion mass spectra (SIMS), 42, 
357 

Mass spectrometry of carbohydrates and 
other oxygen heterocycles (review), 
42, 385 

Matrix support mass spectra, 42, 364 
Maturinone 

occurrence and structure, 45, 56 
synthesis, 45, 62 

Maturone, occurrence and structure, 45, 
57 

Medium effects 

in acid-base equilibria of azoles, 41, 213 
in conformation of acyl groups, 41, 65 
in substituent constants for pyridyl 
groups, 42, 10 

Meisenheimer complexes in Chichibabin 
reaction, 44, 3 see also o-Adducts; a- 
Complexes 

Melezitose, FAB mass spectrum, 42, 391 
Melibiose, FAB mass spectrum, 42, 383 
Melicope alkaloids, quinones from 45, 90 
(-)-Menthol, mesophase induction in 45, 
214 

Mesoionic oxazoles, cycloaddition, 45, 53 
Mesomelic betaines, fused pyrimidine, 42, 
146, 155, 179 

Mesophases (cholesteric, nematic) in (-)- 
menthol solutions, 45, 214 
Metal coordination species in azomethine 
ylid generation, 45, 280 
Metal ion complexation 
of dibenzo[e,g][l,4]diazocines, 45, 214 
of pyridine and analogs, 43, 203 
Methoxatin 

biological activity, 45, 119 
occurrence, 45, 118 
reactions, structure and synthesis, 45, 
119 

0-Methylamottiamide, synthesis, 42, 309 
Methylphosphonate esters, reaction with 
azines, 43, 209 
Microwave spectroscopy 
and molecular conformation, 41, 79 
in stereochemical studies, 43, 217 
Micellar effects, 44, 214 


Mimosamycin 

occurrence and structure, 45, 93 
synthesis, 45, 95 
Mitiromycin, structure, 45, 45 
Mitomycins 
structure, 45, 45 
synthesis, 45, 122 

Mitomycins, quinones related to, 45, 43 
Mitosanes, structure, 45, 45 
Mitosenes, structure, 45, 45 
Molecular beam for solid analysis (MBSA 
mass spectra), 42, 360 
Molecular mechanics calculations 
general considerations, 43, 219 
on poly-/-butyl heterocycles, 43, 238 
Molecular orbitals 
of 3a-azaazulenes, 43, 37 
of porphyrins and hydroporphyrins, 43, 
77 

usefulness in explaining reactions, 42, 
226 

Molecular spectra, see Spectra 
Molecular structure 
of porphyrins, 43, 79 
see also X-ray crystallography 
Molybdenum carbonyl complexes, reac¬ 
tions of, 42, 179 

Mouse androgen, synthesis, 42, 270 
Munchnones, cycloaddition, 45, 53 
Murrayaquinones, 45, 49, 122 


N 

Nanaomycins, structure, 45, 106 

Naphthimidazole quinones, 45, 79 

Naphthimidazoles, A-methyl-, Chichibabin 
amination, 44, 17, 63 

Naphth[2,3-i]indolizine-6,11 -dione, synthe¬ 
sis, 45, 51, 122 

4X’-Naphtho[2, l-c][ 1,2]azaphosphorine, 4- 
chloro-1,2,3,4-tetrahydro-4-thioxo-, 

43, 2 

Naphthocyclinones, structure, 45, 112 

Naphtho[2,3-d]-l,3-dithiole quinones, 45, 

82 

Naphthofuran quinones fused to other het¬ 
erocyclic systems, 45, 67 

Naphtho[ 1,2-l>]furan-4,5-diones 
natural occurrence, 45, 58 
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synthesis, 45, 63 

Naphtho[1,2-i)]furan-4,5-diones, 2,3-dihy- 
dro-, occurrence and synthesis, 45, 

59, 61 

Naphtho[2,3-i)]furan-4,9-diones 
natural occurrence, 45, 56 
synthesis, 45, 61, 63 

Naphtho[2,3-i]pyran-5,10-dione, 3,4-dihy- 
dro-, synthesis, 45, 103 
Naphtho[l ,8-Ac]pyran-7,8-diones, occur¬ 
rence and synthesis, 45, 109 
Naphtho[2,3-i]pyran-5,10-diones, occur¬ 
rence, 45, 104 

Naphtho[2,3-c]pyran-5,10-diones, 3,4-dihy- 
dro-, occurrence, 45, 105 
Naphtho[2,3-c]pyrazole-4,9-diones 
formation, 45, 76 
reactions, 45, 77 

l//,3//-Naphtho( 1,8-c<fl[l ,2,6]thiadiazine 
2,2-dioxide, synthesis, 44, 131 
Naphtho[2,3-c][ 1,2,5]thiadiazole-4,9-dione, 
synthesis, 45, 84 

Naphtho[2,3-d]thiazole-4,9-dione, synthe¬ 
sis, 45, 81 

Naphtho[2,3-6]thiophene-4,9-diones, syn¬ 
thesis, 45, 71 

Naphth[2,3-(floxazole-4,9-dione, 2-methyl-, 
synthesis, 45, 80 

1,8-Naphthyridine, hexachloro-, 42, 145 
1,8-Naphthyridine, 1,2,3,4,4a,5,6,7-octahy- 
dro-2,2,4a,7,7-pentamethyl (Eschen- 
moser’s base), use, 45, 32 
Naphthyridines 

a-adducts with amide ion, 44, 10, 52-55 
Chichibabin amination, 44, 53 
quatemisation rates in, 43, 197 
Naphthyridinomycin, biological activity, 
structure and synthesis, 45, 95 
Narceine imide derivatives, reactions, 43, 51 
Natural product synthesis by hetero-Diels- 
Alder cycloadditions (review), 42, 245 
Nectriafurone, structure, 45, 67 
Negative ion mass spectra of phenol gluco- 
sides, 42, 373 

Nickel-catalysed coupling reactions, 44, 

208, 233 

Nicotinamide, Chichibabin amination, 44, 27 
Nicotinamide, iV,iV-diethyl-2,4-dimethyl-, 
methiodide, optical stability of, 43, 

271 


Nicotine and derivatives 
conformation, 43, 223 
free radical alkylation, 44, 227 
quatemization, 43, 201 
Nicotinic acid, Chichibabin amination, 44, 

27 

Ninhydrin, reaction with a-aminoacids, 45, 
273 

Nitration 

of pyridazines, 44, 231 
of pyridine N-oxides, 44, 218 
of pyridines, 44, 218 
of 1,2,4-triazines, 44, 242 
Nitrene cyclisations, intramolecular, form¬ 
ing aza-benzazulenes, 43, 54 
Nitrenes, heterocyclic, ring-cleavage of, 
41,67 

Nitrile ylids, cycloaddition to quinones, 

45, 53 

Nitrogen-15 labelling in Sn(ANRORC) 
mechanism study, 44, 12 
Nitrones, cycloaddition to acetylenic es¬ 
ters, 45, 288, 335 

Nitroso compounds as dienophiles, 42, 286 
Nitrosobenzene, cycloaddition to vinyl- 
porphyrins, 43, 104 

Nitrosoformate, benzyl, cycloaddition, 42, 
291 

Nonbonding interactions and stereochem¬ 
istry, 43, 216 
see also Steric effects 
Norephedrine, in synthesis of chiral oxa- 
zolidine-2-thiones, 45, 2 
Norporphyrins 
structure, 43, 77 
ultraviolet spectra, 43, 82 
Nuclear magnetic resonance (NMR) spec¬ 
tra, proton and general 
of 3a-azaazulenes, 43, 38 
of 3a-azaazulen-4-ones, 43, 42 
of 1,4-azaphosphorinane derivatives, 43, 9 
of 3a-azoniaazulene salts, 43, 42 
of 3-bromo-1 -ethylbenzothiophenium 
salt, 45, 158 

of bridgehead phosphorus compounds, 

43, 16, 23 

of 1,4,3,5-oxathiadiazine 4,4-dioxides, 

44, 155 

of porphyrins and hydroporphyrins, 43, 

84, 117, 121 
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Nuclear magnetic resonance (cont.) 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 87 
of thiadiaziridine'1,1-dioxides, 44, 177 
of 4//-l,2,4,6-thiatriazine 1,1-dioxides, 

44, 155 

of thiophenium salts, 45, 156, 158 
of thiophenium 5-ylids, 45, 163 
Nuclear magnetic resonance (NMR) spec¬ 
tra, carbon-13, 

of 3,5-dimethylbenzofuran-4,7-dione, 45, 
56 

of 5-methylthiophenium salts, 45, 158 
of naphthocyclinones, 45, 112 
of porphyrins, 43, 86 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 85, 
89, 107, 156 

of thiadiaziridine 1,1-dioxides, 44, 177 
of 1,2,4,6-thiatriazine 1,1-dioxides, 44, 

156 

of thiophenium salts and ylids, 45, 158, 
163 

Nuclear magnetic resonane (NMR) spec¬ 
tra, fluorine-19, of 1,2,4,6-thiatriazine 
1,1-dioxides, 44, 156 

Nuclear magnetic resonance (NMR) spec¬ 
tra, nitrogen-15 
of porphyrins, 43, 86 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 94, 
107 

of 1,2,4,6-thiatriazine 1,1-dioxides, 44, 

157 

Nuclear magnetic resonance (NMR) spec¬ 
tra, oxygen-17, of azine oxides, 43,150 
Nuclear magnetic resonance (NMR) 
spectroscopy 

and proton transfer reactions, 41, 219 
in conformation study 
of acyl groups, 41, 81 
of dibenzo[l,4]diazocines, 45, 214-217 
of heterocycles with steric effects, 43, 
218 

in determination of enantiomeric purity, 

45, 3 

in investigation 

into azine protonation sites, 43, 130 
into triazinone alkylation site, 43, 146 
in substituent constant evaluation, 42, 4 
Nuclear magnetic resonance (NMR) spec¬ 
troscopy, carbon-13, and dinucleophi- 
le-diazine reactions, 43, 325, 329 


Nuclear magnetic resonance spectroscopy, 
dynamic (DNMR), 

of 2,5-disubstituted thiophene 5-oxides, 
45, 153 

see also NMR in study of conformation 
and steric effects 
Nucleophilic attack 
on thiadiaziridine 1,1-dioxides, 44, 179 
on 1,2,6-thiadiazine 1,1-dioxides, 44, 117 
on 1,2,5-thiadiazole 1,1-dioxides, 44, 141 
on 1,2,4,6-thiatriazine 1,1-dioxides, 44, 
162 

Nucleophilic substitution 
in pyrazines, 44, 236 
in pyridazines, 44, 230 
in pyridines, 44, 200 
in pyrimidines, 44, 232 
in 1,2,6-thiadiazine 1,1-dioxides, 44, 118 
in 1,2,4,6-lhiatriazine 1,1-dioxides, 44, 
163 

steric effects on 

in pyridines and pyrimidines, 43, 277 
in thiophenes, 43, 212 
see also Amination 

Nupharidine, deoxy- and epideoxy-, syn¬ 
thesis, 42, 302 


O 

Oligomers of hydrogen cyanide, heterocy¬ 
cles from 41, 3 

Oligosaccharides and derivatives 
mass spectra 

chemical ionization, 42, 350 
electron impact, 42, 345, 347 
fast atom bombardment, 42, 358, 366 
field desorption, 42, 352 
nomenclature, 42, 368 
optical rotation, 42, 380 
Olivose, synthesis, 42, 325 
Optical resolution 

of diaryldibenzo[()/l[l,4]diazocines, 45, 
205, 216 

of racemic acids, 45, 6 
Optical rotation and oligosaccharide con¬ 
formation, 42, 380 

Optical rotatory dispersion (ORD) spec¬ 
troscopy and conformation study, 42, 
380; 43, 218 
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Oxacephem, chiral recognition on acyla¬ 
tion, 45, 5 

1.2.4- Oxadiazoles, cleavage by base, 41, 
54, 61 

1.2.5- Oxadiazoles, cleavage by base, 41, 

53 

1.2.5- Oxadiazoles, fused, thermal cleav¬ 
age, 41, 65 

1- Oxa-diene systems, cycloadditions, 42, 

321 

Oxalyl cyanide, 41, 18 
Oxapenam, chiral recognition on acylation, 
45, 5 

1.4.3.5- Oxathiadiazine 4,4-dioxide, 2-meth- 
oxy-6-methyl-, ring interconversion, 

44, 127 

1,4,3,5-Oxathiadiazine 4,4-dioxides, syn¬ 
thesis, 44, 171 

1.4- Oxathiino-fused heterocycles, synthe¬ 
sis, 43, 318 

1.4- Oxathiocin 

formation from thiophenium ylids, 45, 

169 

rearrangement to phenol derivative, 45, 

170 

2J/-l,2-Oxazines, 3,6-dihydro-, synthesis, 

42, 286 

1.4- Oxazino-fused heterocycles, synthesis, 

43, 317, 318 
Oxazoles 

cycloaddition 
intermolecular, 42, 307 
intramolecular, 42, 316, 318, 320 
lithiation and cleavage, 41, 53, 57, 61 
Oxazoles, mesoionic, cycloaddition, 45, 53 
Oxazolidine-2-thione, (4JJ and 45)-4-ethyl-, 
synthesis, 45, 2 

Oxazolidine-2-thione, (45)-4-isopropyl-, 
synthesis, 45, 2 

Oxazolidines, formation by azomethine 
ylid cycloaddition, 45, 269 
Oxazolidine-2-thione, (4JJ,55)-4-methyl-5- 
phenyl-, synthesis, 45, 2 
OxazoIidine-2-thiones, 3-acyl-, chiral, use 
in diastereoselective aldol synthesis, 

45, 7 

Oxazolidin-5-ones, cycloreversion to azo¬ 
methine ylid, 45, 271, 272 

2- Oxazolines, pyridyl-, nucleophilic substi¬ 

tution, 44, 200 


4-Oxazolines, rearrangement to azometh¬ 
ine yh'ds, 45, 287 

Oxazolium salts, reduction to 4-oxazo- 
lines, 45, 290 
Oxidation 

by lead tetraacetate, of a-hydroxyket- 
ones, 43, 44 

by mercuric acetate, of octahydro-3a- 
azaazulenes, 43, 44 

by osmium tetroxide, of porphyrins, 43, 
99, 100 

of hydroporphyrins, 43, 88 
of porphyrins, 43, 98 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 116 
of thiadiaziridine 1,1-dioxides, 44, 178 
A/-Oxidation of monocyclic azines, 43, 149 
Oxidative imination of pyridinium salts, 

41, 282 

Oxidative ring-contraction of pyridinium 
salts, 41, 294 

Oxidative transformations of heterocyclic 
iminium salts (review), 41, 275 
N-Oxides, heterocyclic, ring-opening, 41, 
67 

Oxidizing agents 

in Chichibabin amination, 44, 7, 10, 
43, 49, 52-55, 65, 66 
producing quinones, 45, 42, 44 
Oxime stereoisomerism, 44, 101 
Oxiranes, acyl, conformation, 41, 119 
Oxy-Cope rearrangement, 42, 320 
Oxygen, singlet, reactions 
with cyclic 1,4-dipoles, 41, 303 
with pyrazolium-4-olates, 41, 309 
Oxygen heterocycles, mass spectrometry 
of (review), 42, 335 

Oxygen-17 NMR of azine oxides, 43, 150 
Ozonolysis of an aza-benzazulenone, 43, 


P 

Palladium-catalyzed substitution 
of pyrazines, 44, 238 
of pyridines, 44, 206, 208, 224 
Paniculide-A, synthesis, 42, 318 
Penams 

chiral recognition on acylation, 45, 5 
synthetic approaches to, 45, 30 
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Penems, synthesis, 45, 31 
Pentaarylpyridines, restricted rotation in, 

43, 271 

Pentacyclic and higher fused 1,4-dioxin 
quinones, 45, 114 

Pentacyclic and higher fused furan qui¬ 
nones, 45, 65 

Pentacyclic and higher fused phenothiazine 
quinones, 45, 118 

Pentacyclic and higher fused pyran qui¬ 
nones, 45, 112, 114 

Pentacyclic and higher fused pyridazine 
quinones, 45, 98 

Pentacyclic and higher fused pyridine qui¬ 
nones, 45, 92 

Pentacyclic and higher fused pyrrole qui¬ 
nones, 45, 50 

Pentazole, acidity and basicity (estimated), 

41, 265 

Peptides, conformation in, 41, 142 
Perfluoroalkylation (radical) of pyridine, 

44, 229 

Perimidine, 1-methyl-, Chichibabin amina- 
tion, 44, 5, 16, 17 

Perimidines, Chichibabin amination, 44, 

69 

Perimidinyl group, substituent constants, 

42, 36 

Permanganate-promoted amination 
of naphthyridines, 44, 52 
of pyridazines, 44, 48 
of pyrimidines, 44, 49 
of quinazoline, 44, 66 
of quinoline, 44, 43 
of quinoxaline, 44, 65 
of 1,2,4-triazines, 44, 241 
Petaselbine, synthesis, 42, 318 
Pharmacological properties of 1,2,5-thiadi- 
azole 1,1-dioxides, 44, 189 
Phenanthridines, Chichibabin amination, 
44,45 

Phenanthro[l ,2-a]furan-10,11-diones, 45, 

63 

Phenanthroline-9,10-diones, 45, 91 
Phenanthrolines, quatemization rates, 43, 
197 

Phenanthro[9,10-c]thiadiazole 2,2-dioxide, 
pyrolysis, 44, 138 

Phenazine-l,4-dione, 2,3-dihydroxy-, 45, 

99 


Phenophosphazines, 5,10-dihydro-, 43, 12 
synthesis, 43, 13 
uses, 43, 13, 15 

Phenothiazines, fused, quinones from, 45, 
118, 120 

Phenoxazines, 1,4-diazocino-fused, 45, 191 
Phenyl groups, substituted, electronic ef¬ 
fects of, 42, 56 
Phlorin, structure, 43, 75 
Phomazarin 

structure and occurrence, 45, 90 
synthesis, 45, 123 

Phosphole oxide derivatives, synthesis, 42, 
106 

Phosphorus-nitrogen heterocycles (re¬ 
view), 43, 1 

Phosphorus trichloride, cyclizations using, 
43, 3, 12 

Photochemical reduction of porphyrins and 
hydroporphyrins, 43, 92 
Photochemistry of hexahydropyrimido[l,2- 
a]azepin-4-ones, 42, 150 
Photocyclization of a (chloroacetyl)amine, 
45, 188 

Photocyclisation reactions, forming azaa- 
zulenes, 43, 57 

Photodehydrogenation (cyclization) 
of 1,2-diarylpyridinium salts, 41, 294 
of 1,2-diarylquinolinium salts, 41, 298 
(2-f 2)Photodimerization of llb-azadi- 
benz[e, (flazulene, 43, 48 
Photoelectron spectroscopy 
and proton affinities, 41, 199 
of azines, 43, 147 
see also ESCA 

Photolysis of 1-azatriptycene, 43, 55 
Photo-oxidation 

of phenylpyridinium betaines, 41, 294 
of porphyrins, 43, 101, 102 
Photo-stimulated radical substitution 
(S^^l), 44, 227 

Phthalazine-5,8-diones, 45, 97 
Phthalazines, quatemization rates, 43, 197 
1 -(N-Phthalimido)aziridines, ring-opening 
to azomethine ylids, 45, 238 
Physostigmine alkaloids, synthesis, 45, 340 
2-Picoline 

alkylamination, 44, 33 
amination with ANRORC rearrange¬ 
ment, 44, 27 
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Chichibabin amination, 44, 2, 27 

3- Picoline 

alkylamination, 44, 33 
Chichibabin amination, 44, 4, 22 

4- Picoline, alkylamination, 44, 33 
Piperazines, iV-acyl, conformations of, 41, 

151 

A‘-Piperideine, Diels-Alder reactions with, 
42, 246 

Piperidines, synthesis by cycloaddition, 

42, 257 

Piperidines, acyl, conformations of, 41, 
123, 129, 148 

Piperidin-2-one, 6-acetoxy-, chiral induc¬ 
tion in use as electrophile, 45, 18 
Plasma desorption (PD) mass spectrome¬ 
try, 42, 356 

Polarographic reduction of N-alkyldiazin- 
ium salts, 43, 321 
Polarography 

in substituent constant determination, 
42, 5, 7 

of phenophosphazines, 43, 15 
see also Electrochemistry 
Polonovski reaction of mitosane iV-oxide 
analogs, 45, 46 

Polymer syntheses using DBU, 42, 140, 

178 

Polymer-supported DBU, 42, 170 
Polymerization, cationic, 43, 283 
Polysaccharides 

inter-residue linking and hydrogen-bond¬ 
ing, 42, 379 

mass spectra (review), 42, 335 
Porfiromycin 
structure, 45, 45 
synthesis, 45, 121 

Porphodimethene, structure, 43, 75 
Porphomethene, structure, 43, 75 
Porphyrin derivatives, hydrogenated (re¬ 
view), 43, 73 

Porphyrinogen, structure, 43, 75 
Porphyrinogen, substituted, rearrange¬ 
ments of, 43, 96 
Porphyrins 

biochemical aspects, 43, 116 
crystal structure, 43, 81 
oxidation, 43, 98 
reduction, 43, 90 
Praziquantel, synthesis, 42, 267 


Prelog-Djerassi lactone, synthesis, 42, 270 
Prelog-Djerassi lactonic acid, methyl ester, 
chiral synthesis, 45, 25 
Pressure effects 

on alkylation of sterically hindered 
bases, 43, 181 

on Chichibabin reaction, 44, 22 
Proline, N-acyl, conformations of, 41, 138 
Propargyl ethers, Claisen rearrangements 
of, 42, 208, 218, 224, 228, 231, 236, 

237 

Propargyl thioethers, Claisen rearrange¬ 
ments of, 42, 209, 212, 223 
Prosopis alkaloid, synthesis, 42, 257 
Prostaglandin analogs, synthesis, 45, 27 
Protoberberine, synthesis, 42, 246 
Proton affinities (gas phase) 
and photoelectron spectroscopy, 41, 199 
of azoles, 41, 214 
Protonation 

of azines at ring N, 43, 128 
of hydroporphyrins, 43, 87 
Pseudobases, disproportionation of, 41, 280 
Pseudomonic acid, synthesis, 42, 285 
Pseudotropine, synthesis, 42, 293 
Pseudouridine, conversion into pseudoiso- 
cytidine, 43, 339 

Psoralene-derived quinones, 45, 120 
Pteridine, reaction with p-dicarbonyl com¬ 
pounds, 43, 319 

Pteridine-4-carboxylic ester, reaction 
with 1,4-dinucleophiles, 43, 306 
with ethanol, 43, 321 
Pteridinium salts 
addition of methanol, 43, 323 
reaction with acetoacetamides, 43, 329 
reaction with thioureas, 43, 328 
Purines 

a-adduct formation with amide ion, 44, 10 
Chichibabin amination, 44, 70 
Claisen rearrangements in, 42, 205 
formation from HCN oligomers, 41, 33 
Puromycin analog, synthesis, 42, 252 
Push-pull ethylenes, rotation barriers in, 

43, 255 

Pyrayaquinone-B, 45, 49 
Pyrazine 

(T-adduct formation with amide ion, 44, 

9, 10, 48 

Chichibabin amination, 44, 48 
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Pyrazine, 2.5-bis(di-/-butylmethylene)-1,4- 
diethyl-, 45, 260 

Pyrazine, 2,3-dichloro-, reaction with di¬ 
nucleophiles, 43 , 314 
Pyrazine, tetrachloro-, reaction with p-di- 
carbonyl compounds, 43 , 311 
Pyrazine 1-oxides, chlorodeoxygenation, 
44 , 237 

Pyrazine quinones, 45 , 99 
l/f,4/f-Pyrazine-2,6-diones, dipolar, 45 , 
237 

Pyrazines 

N-amination, 43 , 161 
formation in reactions of DAMN and 
DISN, 41 , 16, 22, 28 
N-oxidation, 43 , 156 
quatemization, 43 , 143, 197 
rates of quatemization, 43 , 197 
substitution 
electrophilic, 44 , 239 
free-radical, 44 , 239 
nucleophilic, 44 , 236 

Pyrazines, dichloro-, reaction with nucleo¬ 
philes, 43, 318 
Pyrazinium salts 
addition 

of methanol, 43, 323 
of nitromethane anion, 43, 304 
reaction 

with acetoacetamides, 43, 329 
with 1,4-diamines, 43, 330 
with thioureas, 43, 328 
Pyrazinium salts, fused, addition of metha¬ 
nol, 43, 324 

Pyrazinones, alkylation, 43, 143 
Pyrazino[2,3-c]II,2,6]thiadiazine 2,2- 
dioxides 

glycosylation, 44 , 114 
spectra, 44 , 94, 97 
synthesis, 44 , 130 
tautomerism, 44 , 107 
Pyrazoles 

acidity and basicity, 41 , 234 
cleavage by base, 41 , 51 
comparison of ”C NMR data with 1,2,6- 
thiadiazinel,1-dioxides, 44 , 90, 93 
pK. data, 41 , 250 

Pyrazoles, Al-acyl, conformations of, 41 , 
127 

PyrazoIium-4-olates, oxidation, 41 , 309 


Pyrazolo-bipyrimidines, formation, 41 , 
353, 354 

Pyrazolo[4,3-/|indazole-3,5-dicarboxylic 
acid, 4,8-dioxo-, synthesis, 45 , 76 
Pyrazolopyrimidines 
chemistry of (review), 41 , 319 
spectra, 41 , 362 
tautomerism, 41 , 363 
theoretical studies, 41 , 361 
Pyrazolo[ 1,5-a]py rimidines 
biological activity, 41 , 366 
reactions 

with electrophiles, 41 , 349 
with nucleophiles, 41 , 351 
reduction, 41 , 354 
synthesis, 41 , 321 
tautomerism, 41 , 364 
Pyrazolo[1,5-c]pyrimidines 
biological activity, 41, 367 
synthesis, 41 , 348 
tautomerism, 41 , 364 
Pyrazolo[3,4-</]pyrimidines 
alkylation, 41 , 356 
biological activity, 41 , 367 
reactions 

with electrophiles, 41 , 355 
with nucleophiles, 41 , 357 
rearrangements, 41 , 359 
synthesis, 41 , 333 
tautomerism, 41 , 363 
Pyrazolo[4,3-d]pyrimidines 
biological activity, 41 , 367 
synthesis, 41 , 345 

Pyrazolyl groups, substituent constants, 
42 , 46 
Pyridazine 

(T-adduct formation with amide ion, 44 , 
9, 10, 48 

Chichibabin amination, 44 , 48 
Pyridazine, 3,4,6-trichloro-, reaction with 
dinucleophiles, 43 , 318 
Pyridazine, 3-methoxy-, Chichibabin ami- 
nation, 44 , 50 

Pyridazine, 3-phenyl-, Chichibabin amina¬ 
tion, 44 , 48 

Pyridazine 1-oxides, nucleophilic attack, 
44 , 230 

Pyridazine quinones, 45, 97 
Pyridazines 

acylation rates, 43 , 147 




SUBJECT INDEX 


327 


Af-amination, 43, 161 
basicity, 43, 129 
Af-oxidation, 43, 151 
quatemisation, 43, 132, 197, 201 
rates of quatemisation, 43, 197, 201 
substitution 
electrophilic, 44, 231 
free-radical, 44, 232 
nucleophilic, 44, 230 
Pyridazines, dichloro-, reaction with di¬ 
nucleophiles, 43, 318 

Pyridazino[l ,2-a]pyridazine-l ,4,6,9-tetrone, 
45, 97 

Pyridazinyl group, substituent constants, 
42, 14 
Pyridine 
substitution 
free-radical, 44, 227 
nucleophilic, 44, 3 

Pyridine, 2-benzyl-, Chichibabin amina- 
tion, 44, 27 

Pyridine, 3-t-butyl-, amination, 44, 37 
Pyridine, 4-butyl- (sec, tert), amination, 

44, 36 

Pyridine, 2-chloro-5-nitro- 
amination, 44, 18 
ANRORC reaction with, 43, 303 
Pyridine, 2,6-di-/-butyl- 
catalytic uses of, 43, 283 
protonation, 43, 177 
quatemization, 43, 182 
sulfonation, 43, 211 
uses, 43, 283 

Pyridine, 2,3-dichloro-, reaction with di¬ 
nucleophiles, 43, 314 

Pyridine, 2,6-dimethyl-, trifluoromethane- 
sulfinyloxylation, 43, 283 
Pyridine, dimethyl-, see also Lutidine 
Pyridine, 2-dimethylamino- 
Chichibabin amination, 44, 39 
rotation barrier, 43, 243 
Pyridine, 3-dimethylamino-, Chichibabin 
amination, 44, 39 

Pyridine, 4-dimethylamino-, Chichibabin 
amination, 44, 15, 27, 39 
Pyridine, methyl-, see Picoline 
Pyridine, pentafluoro-, reaction with nu¬ 
cleophiles, 43, 309 

Pyridine, 3-phenylthio-, Chichibabin ami¬ 
nation, 44, 37 


Pyridine, 2,3,4,5-tetrahydro-, Diels-Alder 
reactions with, 42, 246 
Pyridine, 2,3,5-trichloro-, reaction with nu¬ 
cleophiles, 43, 308 
Pyridine 1-oxides 
substitution 
electrophilic, 44, 218 
free-radical, 44, 230 
nucleophilic, 44, 214 
uses in synthesis of substituted pyri- 
dines, 44, 214, 218 
Pyridine quinones, 45, 84 
Pyridine-2-carboxaidehyde, azomethi ne 
ylids from, 45, 266 

Pyridine-3-carboxaldehyde, azomethine 
ylids from, 45, 274 

Pyridine-2,5-dione, 3(4)-r-buty 1-6-cyano-, 
synthesis, 45, 84 

Pyridine-2,5-diones, 6-hydroxy-, 45, 84 
Pyridines 

Al-acylation, 43, 207 
basicity 

compared with azoles, 41, 230 
steric effects on, 43, 177, 184, 202 
complexation 
with halogens, 43, 208 
with metal ions, 43, 203 
with Lewis acids, 43, 203 
deactivation effects in, 42, 62 
Al-oxidation, kinetics, 43, 208 
quatemisation kinetics, 43, 191 
reaction with methylphosphonate esters, 
43, 209 
substitution 
electrophilic, 44, 217 
free-radical, 44, 227 
nucleophilic, 44, 1, 200 
synthesis by hetero-Diels-Alder reac¬ 
tions, 42, 307 , 312, 316 
Pyridines, sterically-hindered, basicity, 43, 
177 

Pyridines, acetyl-, rotational barriers in, 

41, 112 

Pyridines, acyl-, conformations of, 41, 106 
Pyridines, alkyl-, Chichibabin amination 
and dimerisation, 44, 29 
Pyridines, alkynyl-, synthesis, 44, 206 
Pyridines, amino- 
Chichibabin amination, 44, 39 
quatemisation, 43, 201 
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Pyridines, azido-, nucleophilic attack at 
ring, 44, 206 

Pyridines, dihydro-, synthetic uses, 44, 223 
Pyridines, halo- 

nucleophilic substitution of halide, 44, 
203-206 

quatemisation rates, 43, 186 
Pyridines, 2-isopropyl- 
basicity, 43, 274 
quatemization, 43, 274 
Pyridines, lithiated, synthetic uses, 44, 

218 

Pyridines, methylnitrosoamino-, nucleo¬ 
philic displacement of substituent, 44, 
206 

Pyridines, 3-(2-oxazolin-2-yl)-, nucleophilic 
substitution in, 44, 200 
Pyridines, pentaaryl-, restricted rotation 
in, 43, 271 

Pyridines, polymethyl-, gear-clashed con¬ 
formation and quatemisation, 43, 275 
Pyridines, 3-substituted, pressure amina- 
tion, 44, 25 

Pyridines, 4-substituted, amination, 44, 27 
Pyridines, trialkylstannyl-, synthetic uses, 
44, 219, 222, 224 see also Lutidine, 
Picoline 

Pyridinio-groups, substituent constants, 

42, 11, 14, 37, 42 
Pyridinium salts 
dealkylation kinetics, 43, 189 
ring contraction (oxidative), 41, 294 
oxidation, 41, 276, 291, 294 
Pyridinium salts, 1-acyl-, nucleophilic at¬ 
tack on, 44, 208 

Pyridinium salts, 2-acyl-, oxidation, 41, 

291 

Pyridinium salts, 1-alkoxycarbonyl-, nu¬ 
cleophilic attack on, 44, 211 
Pyridinium salts, 1,2-diaryl-, photodehy¬ 
drogenation, 41, 294 

Pyridinium salts, 1-fluoro-, nucleophilic at¬ 
tack on, 44, 212 

Pyridinium salts, 2-hydroxyalkyl-, oxida¬ 
tion, 41, 291 

Pyridinium salts, isopropyl- and polymeth- 
ylisopropyl-, rotamer populations, 43, 
235 

Pyridinium salts, 2-carboxy-, oxidation, 

41, 291 


Pyridinium salts, l-(9-fluorenyl)-, rotamer 
isolation, 43, 227 

Pyridinium salts, 1-phenoxycarbonyl-, nu¬ 
cleophilic attack on, 44, 209, 211 
Pyridiniumyl groups, substituent con¬ 
stants, 42, 11 

Pyridinones, see Pyridones 
Pyrido[l,2-a][l,3]diazepines, formation, 

41, 295 

Pyrido[2,3-6][ 1,4]diazocine-6,9-diones, 
5,8,9,10-tetrahydro-, 45, 188 
4-Pyridones, 7V-phenyl-, chiral, 43, 

265 

2-Pyridones, formation from pyridinium 
salts, 41, 276 
Pyrido[2,3-6]pyrazine 
<T-complexes from, 44, 52 
quatemisation rates, 43, 198 
Pyrido[2,3-<flpyridazine 
a-adduct formation with amide ion, 44, 

11 

Chichibabin amination, 44, 51 
Pyrido[2,3- and 3,4-d]pyridazinediones, 
generation, 45, 85 

Pyrido[3,2- and 3,4-g]quinoline-5,8-diones, 
synthesis, 45, 91 

Pyrido[2,3-g]quinoxaline-5,10-dione deriva¬ 
tive, 45, 121 

Pyrido[2,3-c][l ,2,6]thiadiazine 2,2-dioxides 
acidity and basicity, 44, 110 
spectra, 44, 94, 97 
synthesis, 44, 130 
tautomerism, 44, 107 

Pyridoxal-derived azomethine ylids, impor¬ 
tance of, 45, 254 
Pyridoxine, synthesis, 42, 308 
Pyridyl groups, substituent constants, 42, 

7 

Pyrimidine 

CT-adduct formation with amide ion, 44, 

9, 10, 48 

Chichibabin amination, 44, 48 
Pyrimidine mesomeric betaines, fused, 42, 
146, 155, 179 

Pyrimidine quinones, 45, 98 
Pyrimidine, 5-bromo-, amination, 44, 51 
Pyrimidine, 4-t-butyl-, amination, 44, 51 
Pyrimidine, 5-methyl-, amination, 29 
Pyrimidine, 5-nitro- 
cycloaddition to, 43, 343, 346 
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nucleophilic addition (ANRORC), 43, 
346 

reaction with amidines, 43, 336, 338 
Pyrimidine, 4-phenyl- 
alkylamination, 44, 33 
Chichibabin amination, 44, 12, 35, 50 
Pyrimidine, 5-phenyl-, amination, 44, 50 
Pyrimidine-2,4-dione, 1,3-dimethyl-, reac¬ 
tion with guanidine, 43, 337 
Pyrimidine-2,4(l/J,3//)-dione, 1,3-dimeth- 
yl-5-nitro-, reaction with 1,3-dinucleo- 
philes, 43, 339 
Pyrimidines 
Al-amination, 43, 161 
basicity, 43, 130 

Chichibabin amination, 44, 29, 33, 48, 
232 

deactivation effects in, 42, 62 
formation from HCN oligomers, 41, 32 
N-oxidation, 43, 153 
protonation site, 43, 130 
quatemization, 43, 136, 197 
rates of quatemization, 43, 197 
substitution 
electrophilic, 44, 234 
free-radical, 44, 235 
nucleophilic, 44, 232 
transmission of substituent offects in, 

42, 71 

Pyrimidines, dimethylamino-, rotation 
barriers, 43, 241, 244 
Pyrimidinethiones, alkylation, 43, 141 
Pyrimidine-2-thiones, 1-phenyl-, chiral, 

43, 267 

Pyrimidin-2-one, 5-nitro-, reaction with 
diethyl acetonedicarboxylate, 43, 

336 

Pyrimidinones 
acylation, 43, 149 
alkylation, 43, 137 

Pyrimidin-2-ones, 1-phenyl-, chiral, 43, 

267 

Pyrimidinyl groups, substituent constants, 
42, 20, 31 

Pyrimidoazepines (review), 42, 83 
Pyrimido[l,2-a]azepine, octachloro-, 42, 
145 

Pyrimido[l,2-a]azepine, octahydro-, see 
l,8-Diazabicyclo[5.4.0]undec-7'ene 
(DBU) 


Pyrimido[ 1,2-fl]azepines 
spectra, 42, 155 
synthesis, 42, 145, 179 
uses, 42, 156, 180 
PyrimidoC 1,6-a]azepines 
reactions, 42, 158 
spectra, 42, 158 
synthesis, 42, 157 
uses, 42, 159 

Pyrimldo[4,5-i»]azepines, synthesis, 42, 

159, 180 

Pyrimido[4,5-c]azepines, synthesis, 42, 

164 

Pyrimido[4,5-d]azepines 
reactions, 42, 165 
rearrangements, 42, 166 
synthesis, 42, 164 
Pyrimido[5,4-h]azepines, 42, 169 
Pyrimido[ 1,2-a]azepin-4-ones, hexahydro-, 
photochemistry, 42, 150 
Pyrimidyl groups, substituent constants, 
42, 14, 58 

Pyrones, acyl, conformations of, 41, 115 
4-Pyrones, 2,3-dihydro-, synthesis by 
cycloaddition, 42, 270 
Pyronyl groups, substituent constants, 42, 
42 

Pyrrocorphin, octaethyl-, formation from 
octaethylporphyrinogen, 43, 96 
Pyrrocorphins 
stmcture, 43, 75 
synthesis, 43, 111 
Pyrroles 

acidity and basicity, 41, 234 
Claisen rearrangements in, 42, 205 
pX. data, 41, 234 

synthesis from azomethine ylids, 45, 

235, 239, 289, 290, 293, 336 
Pyrroles, acyl, conformations of, 41, 94, 
127 

Pyrroles, 2,5-dihydro- and tetrahydro-, 
synthesis from azomethine ylids, 45, 
231-344 

Pyrroles, N-phenyl-, chiral, 43, 263 
Pyrrolidines, iV-acyl, conformations of, 41, 
129, 138 

Pyrrolidine group, rotation barrier of, 43, 
241, 246 

Pyrrolidin-2-one, 5-acetoxy-, chiral induc¬ 
tion in use as electrophile, 45, 18 
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Pyrrolizidine alkaloids 
chiral synthesis, 45, 20 
synthesis by cycloaddition reactions, 45, 
338 

Pyrrolizine, 3,3-dimethyi-, cycloaddition 
to, 43, 59 

Pyrrolo[l,2-a]azepines (review), 43, 35/or 
detailed index see 4-Azaazulenes 

PyiTolo[i,2-a]azepiniuni salts, 43, 42 

PyiTolo[l ,2-h][2,5]benzodiazocines, 6,11- 
dihydro-, synthesis, 45, 190 

Pyrrolo-fused quinones, 45, 39 

Pyrrolo[3,2-e]indole-4,5-dione, 6-benzene- 
sulfonyl-l-t-butoxycarbonyl-5-methyl-, 
45,42 

Pyrrolo[l,2-a]indolediones, 45, 45-48 

Pyrroloisoquinolines, Chichibabin amina- 
tion, 44, 45 

l/J-Pyrrolo[2,3-/lquinoline-2,7,9- 

tricarboxylic acid, 4,5-dioxo- (PQQ), 
see Methoxatin 

Pyrroloquinolinequinone (PQQ) deriva¬ 
tives, 45, 123 

Pyrroloquinolines, Chichibabin amination, 
44, 44 

Pyrrolo(2,3-c][l ,2,6]thiadiazin-4 (3//)-one 
2,2-dioxide, 1,7-dihydro-5,6,7-triphe- 
nyl-, synthesis, 44, 133 

Pyrrolyl groups, substituent constants, 42, 
45 

Pyrylium salts 

reactions with primary amines, 43, 283 
use in aminoheterocycle substitution, 44, 
203 

Pyrylium salts, dimethylamino-, rotation 
barriers, 43, 241, 245 


Q 

Quantitative analysis of steric effects in 
heteroaromatics (review), 43 ,173 
Quatemization 
of azines 
rates of, 43, 131 
steric effects on, 43, 180, 273 
of pyridazines, 43, 132, 273 
of ring nitrogen 
mechanism, 43, 180 
steric effects, 43, 180, 197 


Quinazoline 

Chichibabin amination, 44, 66 
quatemization, 43, 198 
Quinazoline-5,6-diones, 45, 98 
Quinazoline-5,8-diones, synthesis and re¬ 
activity, 45, 98 

Quinazolines and analogs, 4-dimethylaml- 
no-, rotation barriers, 43, 244, 245 
Quinazolinium methiodide, cycloaddition 
of acetimidates, 43, 345 
Quinazolin-4-one, synthesis by cycloaddi¬ 
tion, 42, 248 

Quinazolinyl groups, substituent effects, 

42, 60 
Quinoline 

Chichibabin amination of, 44, 41 
a-adducts in, 44, 10, 42 
in presence of oxidant, 44, 43 
pressure effects on, 44, 29 
steric effect of adjacent ring on iV-alkyl- 
ation in, 43, 185 
Quinoline quinones, 45, 85 
biological activity, 45, 88 
Quinoline, 3-nitro- 
addition of amidines, 43, 334 
amination, 44, 43 

Quinoline, 4-nitro-, amination, 44, 43 
Quinoline, trifluoromethyl-, amination, 44, 
43 

Quinoline-3,4-dione, 45, 85 
Quinoline-5,6-dione, 45, 85, 88 
Quinoline-5,8-diones, 45, 86, 87 
"C NMR, 45, 88 
reactivity, 45, 87 
synthesis, 45, 86, 92, 121, 123 
Quinolines, Claisen rearrangements in, 42, 
230 

Quinolines, methyl-, amination, 44, 41 
Quinolines, 5,6,7,8-tetrahydro-, synthesis 
by cycloaddition, 42, 302 
Quinolinium salts, oxidation by ferricya- 
nide, 41, 296 

Quinolinium salts, 1-methoxy-, addition of 
enamines, 43, 335 

Quinolinium salts, 3-nitro-, addition of ace¬ 
tone, 43, 341 

Quinolizidine alkaloids, chiral synthesis, 
45,21 

Quinolizidines 
mass spectra, 42, 338 
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synthesis, 42, 302, 305; 45, 21 
Quinones, cycloaddition 
to an azomethine ylid, 45, 340 
to benzonitrile oxide, 45, 77 
to diazoalkanes, 45, 74 
Quinones, [2.3.4]cyclazine, 43, 44 
Quinones, heterocyclic (review), 45, 37 
Quinones, pyridazine, 45, 97 
Quinones, pyridine, 45, 84 
Quinones 

1.4- dioxano-fused, 45, 114 

1.4- dithiino-fused, 45, 115 

1.4- oxathiino-fused, 45, 115 

1.4- oxazino-fused, 45, 117 
furano-fused, 45, 54 
imidazo-fused, 45, 79 
isothiazolo-fused, 45, 78 
isoxazolo-fused, 45, 77 
pyrazolo-fused, 45, 74 
pyridazino-fused, 45, 97 
pyrido-fused, 45, 85 
pyrimidino-fused, 45, 98 
pyrrolo-fused, 45, 39 
thieno-fused, 45, 69 
triazolo-fused, 45, 82 

Quinoproteins, biological activity, 45, 118 
Quinoxaline, Chichibabin amination with 
oxidant, 44, 65 

Quinoxaline, 2-chloro-, reaction with nu¬ 
cleophiles, 43, 310, 312 
Quinoxaline, 2,3-dichloro-, reaction 
with amidines, 43, 313 
with 1,4-dinucleophiles, 43, 316, 318 
with dithiocarboxylates, 43, 313 
with enolates, 43, 310 
with sulfur dinucleophiles, 43, 312 
Quinoxaline-5,8-diones 
reactivity, 45, 123 
synthesis, 45, 99 
Quinoxalinium salts 
addition 

of acetoacetamides, 43, 329 
of p-diketones, 43, 326 
of 1,4-dinucleophiles, 43, 330, 333 
of dithiocarbamates, 43, 326 
of enamines, 43, 306 
of imidate anions, 43, 327 
of methanol, 43, 323 
of nitromethane anion, 43, 304 
of thioamides, 43, 326, 327 


of thioureas, 43, 328 
oxidation by ferric yanide, 41, 304 


R 

Rabbit livers, 41, 310 
Racemisation rates of 6,11-diaryldiben- 
zo[b/][l,4]diazocines, 45, 216 
Radical anion reduction of porphyrins, 43, 
91 

Radical chain substitution mechanism, 44, 
227 

Raffinose, FAB mass spectra, 42, 391 
Raman spectroscopy of iron chlorin deriv¬ 
atives, 43, 84 

Reactions of annular nitrogens of azines 
with electrophiles (review), 43, 127 
Rearrangements 
aza-Cope, 42, 213 
by reversible ring-opening, 41, 67 
Claisen, in heterocyclic systems (re¬ 
view), 42, 203 
DBU-induced, 42, 93 
Dimroth, see Dimroth rearrangements 
forming pyrazolopyrimidines, 41, 332 
of 4-acyloxazoles (Comforth), 41, 57 
of an octahydroquinoline hydroperoxide, 
43, 41 

of hydroporphyrins, 43, 96 
of pyrazolopyrimidines (Dimroth), 41, 
335, 337 

of pyrazolo[l,5-u]pyrimidines, 41, 351, 
352 

of pyrazolo[3,4-</)pyrimidines, 41, 359 
of spiro-3/f-pyrazoles, 41, 349 
of triphosphazines, 43, 28 
Redox potentials 
of hydroporphyrins, 43, 88 
see also Polarography 
Reduced porphyrins (review), 43, 73 
Reduction 

of porphyrins and hydroporphyrins 
analytical, 43, 88 
synthetic, 43, 90 
of thiadiaziridines, 44, 179 
Reduction, electrochemical, of pyrazo- 
lo[l,5-a]pyrimidines, 41, 354 
Reduction potentials, polarographic, of di- 
azinium salts, 43, 321 
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Reissert analog, pyridine, 44, 225 
Reissert compounds, quinoline, azometh- 
ine ylids from, 45, 268 
Relaxation techniques in acid-base equili- 
bra investigation, 41, 219 
Reniera isoindole, see Isoindole-4,7-dione 
Renierone and derivatives 
occurrence and structure, 45, 92 
synthesis, 45, 95 

Resonance, steric inhibition of, 43, 276 
Resonance constant (oj) 
definition, 42, 3 
of azinyl groups, 42, 18 
Restricted rotation 
in biaryls and analogs, 43, 256 
in pentaarylpyridines, 43, 271 
see also Rotation barriers 
Retro-Diels-Alder fragmentation in mass 
spectrometry of cyclic 1,4-diones, 42, 
337 

Retro-mass-spectral synthesis, 42, 246 
Retronecine, synthesis, 42, 293; 45, 339 
Rhodin g,, trimethyl ester, synthesis, 43, 
91 

Rhodium complexes, use in synthesis, 45, 
73 

Rhodium(II) acetate-catalysed diazoester 
reactions, 45, 18, 160 
Ring-chain isomerisation in berberine de¬ 
rivatives, 43, 41 

Ring-chain tautomerism of an azidothiatri- 
azine, 44, 159 

Ring-cleavage of fused pyrazoles, 41, 360 
Ring-contraction of pyrylium salts, oxida¬ 
tive, 41, 294 

Ring-expansion of fused pyrazole N-oxide, 
41, 359 

Ring-opening of five-membered heteroaro¬ 
matic anions (review), 41, 41 
Rotation barriers 
about amide C-N bonds, 43, 247 
about C = C double bonds, 43, 238, 252 
of alkyl groups, 43, 190 
of biaryls and analogs, 43, 256 
of dimethylamino groups, 43, 242 
of isopropyl groups in heterocycles, 43, 
224 

of ring alkyl groups, 43, 220 
past methylthio and thione groups, 43, 
221 


Rubradirins, occurrence and structure, 45, 
116 

Ruhemann’s purple, formation, 45, 273 
Rutaecarpine, synthesis, 42, 249 


s 

Safracins 
structure, 45, 93 
synthesis, 45, 95 

Saframycins, structure, 45, 93, 123 
Saponins, FD mass spectra, 42, 354 
Sarubicin, occurrence and structure, 45, 
109 

Scabequinone, occurrence, structure, syn¬ 
thesis, 45, 120 

Sceletium alkaloid synthesis, 45, 341 
Schmidt reaction, forming diazocinones, 
45, 190 

Secondary ion mass spectrometry (SIMS), 
42, 357 

Secondary steric effects, 43, 211, 275 
1,2,5-Selenadiazole, 3,4-dicyano-, 41, 35 
1,2,3-Selenadiazoles, base cleavage, 41, 

63 

Selenienyl groups, substituent constants, 
42, 43 

Selenophenes, cleavage on lithiation, 41, 

48 

Selenophenes, acyl, conformation, 41, 84 
[3.3]-Sigmatropic rearrangements, see Aza- 
Cope and Claisen rearrangements 
Silylation, using DBU, 42, 128 
Sirohydrochlorins, 43, 111, 118 
Slaflamine, synthesis, 42, 263 
Solid state, structure of charged azoles in, 
41, 226 

Solution, structure of charged azoles in, 

41, 225 

Solvent effects 

on acyl group conformation, 41, 165 
on Chichibabin reaction, 44, 21 
on quatemization reactions, 43, 182 
Soret bands in porphyrins and hydropor¬ 
phyrins, 43, 83 

Spectra, see the individual spectroscopic 
techniques 

Spectroscopic properties of pyrimidoaze- 
pines, 42, 158, 163, 180 
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Sphingosine, erythro and threo, synthesis, 
42, 297 

“Spin-lattice” relaxation times of methyl 
protons, 43, 237 

10-Spirobiphenophosphazines, 43, 13 
Spirophosphonium salts, 43, 14, 19 
Spirophosphoranes, 43, 16, 21 
Sputtering, in mass spectral ionisation, 42, 
363 

Stachyose, FAB mass spectrum, 42, 393 
Standardisation of thermodynamic pX, 
data, 41, 212 

Statistical corrections in acid-base ioniza¬ 
tions, 41, 193 

Stauroporine, synthesis, 42, 297 
Stemine, structure, 43, 69 
Stemphone, occurrence and structure, 45, 
110 

Stenocarpoquinone-A, rearrangement, 45, 
62 

Stereochemical considerations in mass 
spectroscopy of carbohydrates, etc. 
(review), 42, 335 
Steric effects 

in dequatemization of pyridinium salts, 
43, 278 

in heteroaromatics, quantitative analysis 
of (review), 43, 173 
of heteroaromatic rings, 42, 3; 43, 173 
separation from electronic, 43, 175 
Steric effects, secondary, 43, 211, 275 
Steric inhibition of resonance, effect 
on amino and nitro groups, 43, 276 
on reactivity of ir-system, 43, 211 
Steric parameters (E,) 
and quatemization 
of pyridines, 43, 185 
of thiazoles, 43, 187 
modification of, 43, 189 
Steric parameters, ortho-, (S°), 43, 216 
Stevens rearrangement of spiro-ammonium 
salt, 43, 61 

Strained homomorphs, 43, 185 
Streptonigrin 
biological activity, 45, 88 
biosynthesis, 45, 89 
occurrence, 45, 89 
synthesis, 42, 252, 311; 45, 88, 123 
Structural determination of ionic azoles, 

41, 224 


Structure, see also Molecular structure, X- 
ray crystallography 
Structure of charged azoles 
in solid state, 41, 226 
in solution, 41, 225 

Substituent constants (o), definition, 42, 

2 

Substituent effects 

on azole acidity and basicity, 41, 228 
on Chichibabin reaction, 44, 18 
Substituent rate factors, 43, 199 
Substituents, acidity and basicity of, 
in benzimidazoles, 41, 250 
in carbazoles, 41, 238 
in imidazoles, 41, 243 
in indoles, 41, 237 
in pyrazoles, 41, 256 
in pyrroles, 41, 235 
in tetrazoles, 41, 264 
in 1,2,3-triazoles, 41, 262 
in 1,2,4-triazoles, 41, 259 
Substitution 
radical (SknD 
of pyridines, 44, 227 
of pyrimidines, 44, 235 
regioselective, in six-membered aromatic 
N-heterocycles (review), 44, 199 
for other types of substitution see the 
relevant ring system 

Substitution reactions, using DBU, 42, 122 
Sucrose, FAB mass spectrum, 42, 384 
Sucrose acetate, FAB mass spectrum, 42, 

389 

Sugars, reduced, synthesis, 42, 324 
Sulbactam analog synthesis, 45, 32 
Al-Sulfinyl compounds as dienophiles, 42, 297 
Sulfamide, condensation forming heterocy¬ 
cles, 44, 121-124, 131, 149, 184, 185, 

186 

Sulfamide moiety, heterocycles containing 
the (review), 44, 81 
Sulfur extrusion, 45, 115, 118, 180 


T 

Tabtoxin, synthesis, 42, 291 
Tanshinones, occurrence and structure, 
45,63 



334 


SUBJECT INDEX 


Tautomerism 

of amino-I,2,5-thiacliazoie 1,1-dioxides, 
44, 137 

of azepino[l,2-a]indoles, 43, 40 
of hydroporphyrins, 43, 87 
of mero-hydroxyporphyrins, 43, 87 
of pyrazolopyrimidines, 41, 363 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 
103-106 

of 1,2,5-thiadiazolones and -diones, 44, 
136 

of 1,2,4,6-thiatriazine 1,1-dioxides, 44, 
158 

Tautomerism, ring-chain 
of actinorhodin, 45, 108 
of chromenediones, 45, 101 
of lapachones, 45, 102 
Tecomaquinone-II, structure and synthe¬ 
sis, 45, 103 

Tellurophenes, cleavage on lithiation, 41, 
48 

Temperature correction of pK data, 41, 

212 

Temperature effects on Chichibabin reac¬ 
tion, 44, 21 

Tetraaza[14]annulenes, 1,8-dihydro-, 41, 34 
Tetracyanoethylene, reaction 
with an aza-dibenzazulene, 43, 55 
with protoporphyrin systems, 43, 102 
Tetracyanoethylene oxide, reaction with 
azines, 43, 209 

Tetrahydroalstonine, synthesis, 42, 326 
5,6,7,8-Tetrahydroquinolines, synthesis by 
Diels-Alder reactions, 42, 302 
Tetramethylenedisulfotetramine, 44, 186 
Tetrasaccharides, FAB mass spectra, 42, 
393 

Tetrasulfimide (S4N4H4O8), 44, 186 
Tetrasulfur tetranitride 5,5-dioxide, 44, 

186 

1.2.4.5- Tetrazine, 3,6-di(methoxycarbo- 
nyl)-, in cycloadditions, 42, 252 

1.2.4.5- Tetrazines 
nucleophilic substitution, 44, 246 

use in synthesis for bridge removal, 45, 
54, 68 
Tetrazoles 

acidity and basicity, 41, 262 
Claisen rearrangements in, 42, 212 
cleavage by base, 41, 63 


Tetrazoles, A^-acyl, conformation, 41, 133 
Tetrazolium salts, cleavage by base, 41, 63 
Tetrazolo-fused diazocines, 45, 191 
Tetrazolyl groups, substituent constants, 
42, 47 

Thelephoric acid, occurrence and struc¬ 
ture, 45, 65 

Theoretical calculations on/studies of 
acidity and basicity of azoles, 41, 200 
acyl conformations in heterocycles, 41, 
161 

3a-azaazulenes, 43, 37, 40 
charge densities in 1,2,6-thiadiazine 1,1- 
dioxides, 44, 85 
1,4-diazocines, 45, 209, 212 
molecular conformation, 43, 219, 235 
pyrazolopyrimidines, 41, 361 
reactivity of isoindole-4,7-diones, 45, 54 
thiophene 5-oxide inversion barrier, 45, 
153 

thiophene reactivity, 45, 182 
thiophenium ylids, 45, 164 
see also Molecular mechanics 
Thermodynamic aspects of 1,2,6-thiadia¬ 
zine 1,1-dioxides, 44, 100 
Thermodynamic cycle of imidazole and 
pyrazole, 41, 226 
Thermodynamic parameters 
of acidity data of azolium ions, 41, 205 
standardisation of data on, 41, 212 
2-Thiabicyclo[3.1.0]hex-3-enes, formation, 
45, 168 

1.2.4.3- Thiadiazaboretidine 1,1-dioxides, 
44, 182 

1.2.4.3- Thiadiazaphosphetidine 1,1-diox- 
ides, 44, 180 

1,2,7-Thiadiazepine 1,1-dioxide, hexahy- 
dro-, synthesis, 44, 184 

1,2,6-Thiadiazine 1,1-dioxide glycosides, 
rotamerism, 44, 101 

1,2,6-Thiadiazine 1,1-dioxide, 3,5-diamino- 
4-hydroxyimino- 
electrophilic attack, 44, 115 
isomerism of oxime group, 44, 101 
tautomerism, 44, 105 

1,2,6-Thiadiazine 1,1-dioxide, 3,4,5-triami¬ 
no-, fused systems from, 44, 128 

1,2,6-Thiadiazine 1,1-dioxides 
aromaticity, 44, 100 
reaction with carbenes, 44, 117 
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reduction, 44, 117 
spectra 

infrared, 44, 98 
mass, 44, 99 

nuclear magnetic resonance, 44, 87 
ultraviolet, 44, 94 
structure, 44, 84 
synthesis, 44, 120 
tautomerism, 44, 103 
theoretical studies, 44, 84 
thermodynamic aspects of, 44, 100 

1,2,6-Thiadiazine 1,1-dioxides, amino- 
basicity, 44, 109 
tautomerism, 44, 104 

1,2,6-Thiadiazine 1,1-dioxides, 3,5- 
diamino- 

biological activity, 44, 188 
hydrolysis, 44, 118 
synthesis, 44, 124 
uses, 44, 188 

1,2,6-Thiadiazine 1,1-dioxides, 3,5-diami- 
no-4-oxyimino, nucleophilic substitu¬ 
tion of amino groups, 44, 118 

1,2,6-Thiadiazine 1,1-dioxides, 3,5-dioxo- 
acidity, 44, 109 
biological activity, 44, 188 
carbon-13 nmr, 44, 93 
conformation, 44, 86 
electrophilic attack on, 44, 114, 115 
isolation as salts, 44, 111 
synthesis, 44, 123 
tautomerism, 44, 106 
uses, 44, 188 

1.2.6- Thiadiazine 1,1-dioxides, 3-oxo- 
carbon-13 nmr, 44, 92 
electrophilic substitution, 44, 115 
reaction with PCI,, 44, 118 
synthesis, 44, 124 

1.2.6- Thiadiazine-3,5-dione 1,1-dioxides, 
see 1,2,6-Thiadiazine 1,1-dioxides, 

3,5-dioxo- 

1.2.6- Thiadiazine-3,5(2M6fl)-dione 1,1-di- 
oxide, 4-oximino-, ring contraction, 
44, 153 

1.2.6- thiadiazin-3-one 1,1-dioxides, see 

1,2,6-Thiadiazine 1,1-dioxides, 3-oxo- 

10//-[ 1,2,6]ThiadiazinoI3,4-6]quinoxalin- 
4 (3//)-one 2,2-dioxides, synthesis, 44, 
131 

Thiadiaziridine 1,1-dioxides 


nucleophilic attack 
oxidation, 44, 178 
reactivity, 44, 177 
spectra, 44, 177 
structure, 44, 176 

2/M ,2,8-Thiadiazocine 1,1-dioxide, hexa- 
hydro-, synthesis, 44, 185 

1.2.5- Thiadiazole, chlorocyano-, 41, 34 

1.2.5- Thiadiazole 1,1-dioxide, 4-amino-2,3- 
dihydro-3,3-dimethyl-, basicity, 44, 148 

1,2,5-Thiadiazole 1,1-dioxide, 3,4-dichlo- 
ro-, reaction with nucleophiles, 44, 

142 

1,2,5-Thiadiazole 1,1-dioxide, 3,4-dimeth- 
oxy-, methyl migration in, 44, 144 

1,2,5-Thiadiazole 1,1-dioxide, tetrahydro- 
4,4-dimethyl-3-methylene-, synthesis 
and rearrangement, 44, 147, 153 

1,2,5-Thiadiazole 1,1-dioxides 
biological activity, 44, 189 
pyrolysis, 44, 138 
reactions of substituents, 44, 141 

carbon-13 and proton nmr, 44, 134 
infrared, 44, 135 
mass, 44, 136 
ultraviolet, 44, 135 
structure, 44, 133 
synthesis, 44, 148 
thermolysis, 44, 138 
uses, 44, 189 
x-ray diffraction, 44, 133 

1,2,5-Thiadiazole 1,1-dioxides, amino- 
acidity, 44, 147 
biological activity, 44, 189 
tautomerism, 44, 137 

1,2,5-Thiadiazole 1,1-dioxides, 2,3- 
dihydro- 

reaction of nucleophiles, 44, 145 
reduction, 44, 140 

1.2.3- Thiadiazoles, cleavage by base, 41, 63 

1.3.4- Thiadiazoles, quatemisation rates, 

43, 197, 201 

1.2.5- Thiadiazolidlne 1,1-dioxides, 44, 140, 
150, 151 

1.2.5- Thiadiazolidine 1,1-dioxides, 3,4- 
dioxo- 

acidity, 44, 147 
dialkylation, 44, 138 
hydrolysis, 44, 141 
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1.2.5- Thia(liazoli<line 1 (com.) 
infrared spectra, 44, 135 
tautomerism, 44, 136 

1.2.5- Thiadiazol-3(2J/)-one 1,1-dioxide, 4- 
amino-, hydrolysis, 44, 142 

1.2.5- Thiadiazol-3(2J/)-one 1,1-dioxide, 4- 
piperidino-, 44, 137 

1,2,5-Thiadiazol-3(2J/)-one 1,1-dioxides 
acidity, 44, 147 
crystal structure, 44, 133 
spectra 

carbon-13 nmr, 44, 134 
ultraviolet, 44, 135 
synthesis, 44, 149 
tautomerism, 44, 136 
x-ray diffraction, 44, 133 

[1.2.5] Thiadiazolo[3,4-{)]quinoxaline 2,2-di- 
oxide, 1,3-dihydro-, 44, 137, 144 

[1.2.5] Thiadiazolo[3,4-c][l,2,3]thiadiazine 

5,5-dioxide, 7-amino-, synthesis, 44,128 

[lX^2,5]Thiadiazolo[3,4- 

c][l,2,5]thiadiazole, 44, 142 

1,2,4,6-Thiatriazine 1,1-dioxides 
acidity, 44, 160 
biological activity, 44, 189 
nucleophilic substitution in, 44, 163 
ring interconversion of, 44, 126 
spectra 
mass, 44, 158 

nuclear magnetic resonance, 44, 155 
synthesis, 44, 163, 184 
tautomerism, 44, 158 
uses, 44, 189 

1,2,4,6-Thiatriazine l,l-dioxide$, fused 
derivatives 
hydrolysis, 44, 162 
ultraviolet spectra, 44, 157 

1,2,4,6-Thiatriazine 1,1-dioxides, saturated 
derivatives with adamantane skeleton, 
44, 164 

1,2,4,6-Thiatriazine 1,1-dioxides, 3,4- 
dihydro- 

hydrolysis, 44, 161 
synthesis, 44, 165 

1.2.4.6- Thiatriazine 1,1-dioxides, tetrahy- 
dro-, synthesis 44, 164 

1.2.4.6- Thiatriazin-3-one 1,1-dioxides 
carbon-13 nmr, 44, 156 
synthesis, 44, 167 

x-ray diffraction, 44, 155 


1,2,3,5-Thiatriazole 1,1-dioxides, 2,3-dihy- 
dro-, 44, 183 

1,2,3,5-Thiatriazole l,t-dioxides, 2,5-dihy¬ 
dro-, 44, 182, 183 

2//-l,2-Thiazine 1-oxide, 3,6-dihydro-, syn¬ 
thesis and uses, 42, 297 
1,4-Thiazino-fused heterocycles, synthesis, 
43, 314, 315 

1,2-Thiazocine, 2,3,4-trialkoxycarbonylte- 
trachloro-, formation, 45, 178 
Thiazoles 

quatemization rates, 43, 186, 187 
substituent constants, 42, 66 
Thiazotidine-2-thione, (45)-4-ethyl-, syn¬ 
thesis, 45, 3 

Thiazolidine-2-thione, (45)-4-isopropy 1-, 
synthesis, 45, 3 
Thiazolidine-2-thione, (4/?)-4- 
methoxycarbonyl-, 
synthesis, 45, 2 
use, 45, 4 

Thiazolidine-2-thiones, 3-acyl-, chiral 
recognition 

in aldol reactions, 45, 7 
in aminolysis, 45, 4 

in asymmetric dicarboxylic acid synthe¬ 
sis, 45, 22, 24, 26, 27 
in p-lactam synthesis, 45, 13, 16 
Thiazolines, in antibiotic ^-lactam synthe¬ 
sis, 45, 30 

Thiazoline-2-thiones, 3-alkyl-, rotational 
barriers, 43, 221, 229, 232 
Thiazoline-2-thiones, 3-aryl-, rotational 
barriers, 43, 267 
Thieno-fused quinones, 45, 69 
Thieno[3',4'-4,5]dibenzo[b,d] thiophenes, 
synthesis, 45, 73 

Thieno[3,2-b]furan-3-carboxylic acid, 5- 
chloro-2-methoxy-, methyl ester, for¬ 
mation, 45, 171 

Thienyl groups, substituent effects, 42, 43 
Thioacyl heterocycles, conformation, 41, 
158 

Thiocarbonyl compounds, cycloaddition to 
azomethine ylids, 45, 304 
Thio-Claisen rearrangements 
in benzimidazoles, 42, 212 
in benzothiazoles, 42, 213 
in furans, 42, 207 
in indoles, 42, 206 
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in pyrimidines, 42, 223 
in quinolines, 42, 220 
in thiophenes, 42, 208 
in triazines, 42, 223 
Thioisatin, syntheses from, 45, 73 
Thiones, amination under Chichibabin con¬ 
ditions, 44, 66 

Thionitroso compounds, formation and re¬ 
activity, 45, 178 

Thiophene, 5-alkylation, 45, 153 
Thiophene 1,1-dioxides, reactivity, 45, 153 
Thiophene 1,1-dioxides, 2,5-dihydro-, 
diene precursors, 42, 263 
Thiophene l-oxide, 2,5-di-t-butyl-, shape, 
45, 153 

Thiophene 1-oxide, 2,5-bis( 1,1,3,3-tetra- 
methylbutyl)-, 'H NMR and inversion 
at S. 45, 153 
Thiophenes 

acylation kinetics, 43, 211 
Claisen rearrangements in, 42, 208 
steric inhibition of resonance in, 43, 212 
Thiophenes, acyl, conformation, 41, 84, 94 
Thiophenium 5-imine$ 

S-N bond cleavage, 45, 177 
cycloadditions, 45, 177 
formation as intermediates, 45, 179 
synthesis, 45, 176 

Thiophenium salts (review), 45, 151 
Thiophenium salts, 1-alkyl- 
photochemical alkyl migration, 45, 159 
preparation, 45, 154 
reactivity, 45, 159 
spectra 
mass, 45, 156 

nuclear magnetic resonance, 45, 156 
ultraviolet, 45, 155 
structure, 45, 158 

Thiophenium ylids (review), 45, 151 
Thiophenium 5-ylids 
cycloadditions, 45, 171 
fragmentation to thiophene and car- 
benes, 45, 170 
reactivity, 45, 165 
rearrangements 
to 1,4-oxathiocins, 45, 169 
to 2//-thiopyrans, 45, 167, 173 
to 2-substituted thiophenes, 45, 167 
to 3-substituted thiophenes, 45, 168, 

170 


to 2-thiabicyclo[3.1.0]hex-3-enes, 45, 
168, 174 
spectra, 45, 163 
structure, 45, 165 
synthesis, 45, 159 

Thiophenium 1 -di(alkoxycarbonyl)methy- 
lides, 2-benzyl-, dynamic 'H NMR 
spectra, 45, 162 

Thiopyrylium ion, 4-benzylmethylamino-, 
rotational barriers, 43, 245 
Thiourea, reaction with trichloropyridine, 
43, 308 

Three-membered rings, acyl, conforma¬ 
tion, 41, 118 

Tin(II) triflate, enolates from, 45, 8, 13, 

18, 26 

Tirandamycin, synthesis, 42, 278 
Titrations 

calorimetric, 41, 203 
nuclear magnetic resonance, 41, 204 
potentiometric, 41, 202 
spectrophotometric, 41, 203, 208 
a-Tocopherol, oxidation by FeCI,, 45, 103 
a-Tocopurple, structure, 45, 100 
a-Tocored, structure, 45, 100 
Toluene, amination, 44, 73 
Tosyl cyanide, as dienophile, 42, 252 
Trachelanthamidine, synthesis, 45, 20, 338 
Transmission of electronic effects of sub¬ 
stituents, 42, 68 

Trehalose, FAB mass spectrum, 42, 385 

1.2.4.5- Triazaphosphorines, 43, 24 

1.3.5- Triazine in heterocyclic synthesis, 

41, 3 

1.3.5- Triazine, diphenyl-, Chichibabin ami¬ 
nation, 44, 70 

1,3,5-Triazine, phenyl-, Chichibabin ami¬ 
nation, 44, 11 

Triazines, o-adducts with amide ion, 44, 

10 

1.2.3- Triazines 

in Diels-Alder reactions, 42, 302 
nucleophilic substitution, 44, 239 
N-oxidation, 43, 159 
quatemization, 43, 144 

1.2.4- Triazines 

in Diels-Alder reactions, 42, 310 
substitution 
electrophilic, 44, 242 
free-radical, 44, 242 
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1,2,4 Triozines (cont.) 
nucleophilic, 44, 240 
N-oxidation, 43, 160 
quatemization, 43, 144 

1,3,5-Triazines 

nucleophilic substitution, 44, 243 
N-oxidation, 43, 161 
quatemization, 43, 147 
transmission of electronic effects in, 42, 
72 

1.2.4- Triazinium salts, reaction 
with acetoacetamides, 43, 329 
with 1,4-dinucleophiles, 43, 333 

1.2.4- Triazinones, alkylation, 43, 145 

1.3.5- Triazinones, alkylation, 43, 147 

1.3.5- Triazinyl groups, substituent effects, 
42, 16, 34 

1.2.3- Triazole, 4,5-dicyano-, 41, 36 
Triazoles, Af-acyl, conformation, 41, 133 

1.2.3- Triazoles 

acidity and basicity, 41, 261 
ring-cleavage of anions, 41, 54, 62 

1.2.4- Triazoles 

acidity and basicity, 41, 258 
cleavage on lithiation, 41, 61 

1.2.4- Triazolo(4,3-c]pyrazolo[4,3- 
clpyrimidines, 41, 361 

l,2,3-Triazolo[4,5-c][l,2,3]thiadiazine 5,5- 
dioxide, 7-amino-2,4-dihydro-, synthe¬ 
sis, 44, 128 

Triazolyl groups, substituent constants for, 
42,46 

Tribenzodi[ 1,4]thiazine-6,12-dione, 45, 

118 

Trichloromethyl groups, nucleophilic dis¬ 
placement of, 41, 344 
Trichothecene, mass spectrum, 42, 394 
Trifluoromethyl azomethine ylids, 45, 238 
Triptycene, phosphazine analogs, 43, 15 
Trisaccharides, FAB mass spectra, 42, 391 
2ff,4Ff-l,3,5,2,4-Trithiadiazepine 3,3-diox¬ 
ides, 6,7-dihydro-, synthesis, 44, 184 
2Ff-l,3,5\*,2,4,6-Trithiatriazine l,t-dioxide, 
2-trimethylstannyl- 
synthesis, 44, 174 
x-ray crystallography, 44, 155 
Tropacocaine, synthesis, 42, 293 
Trypethelone, occurrence and structure, 

45, 59 

Tuberostermonine, structure, 43, 69 


Tunicaminyl uracil, synthesis, 42, 282 
Turanose, FAB mass spectrum, 42, 384 
Tylophorine, synthesis, 42, 261, 306 


u 

Ultraviolet/visible spectra 
of 3a-azaazulenones, 43, 40, 43 
effused 1,2,4,6-thiatriazine 1,1-dioxides, 
44, 157 

of oxazolidine-3-thiones, 45, 3 
of porphyrins and hydroporphyrins, 43, 
82, 117, 121 

of 1,2,6-thiadiazine 1,1-dioxides, 44, 94 
of 1,2,5-thiadiazole 1,1-dioxides, 44, 135 
of lhiazolidine-3-thiones, 45, 3 
of thiophenes and thiophenium salts, 45, 
155 

Uracil, alkylation, 43, 140 
Uracil, 5-fluoro-, synthesis from a tria- 
zinedione, 43, 340 

Uracils, Claisen rearrangements in, 42, 222 


V 

Valerianine, synthesis, 42, 321 
Ventilones, occurrence and structure, 45, 
68 

Ventiloquinones, occurrence and struc¬ 
ture, 45, 108 

Vesparion, structure, 45, 110 
Vibrational spectroscopy and molecular 
conformations, 41, 78 
Vicarious nucleophilic substitution 
in pyridines, 44, 202 
in 1,2,4-triazines, 44, 240 
Vilsmeier formylation/reactions 
of 3a-azaazulene derivatives, 43, 44 
of dihydropyridines, 44, 225 
of pyrimidines, 44, 232 
Vindoline, synthesis, 42, 249 
Vindrosine, synthesis, 42, 249 
Vinemycinone-Bj, synthesis, 42, 277 
Viopurpurin, occurrence and stmeture, 45, 
67 

Virginiamycin Ml, synthesis, 45, 11 
Visible spectra, see Ultraviolet 
Vitamin B.j synthesis, 43, 118 
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W 

Water 

as solvent for acid-base equilibria, 41, 
216 

reaction with sulfuryl diisocyanate, 44, 
173 

Wilsonine, structure, 43, 69 

X 

Xanthones, Claisen rearrangements in, 42, 
238 

X-ray crystallography/structure 
determination 

in stereochemical studies, 43, 217 
of 5-azido-2//-l ,2,4,6-thiatriazin-3(4//)- 
one, 1,1-dioxide, 44, 155 
of a bridged azaazulene, 43, 68 
of cyanocycline-A, 45, 95 
of 1,3,2,4,6-diazatriphosphorines, 43, 28 
of diazine-dinucleophile adducts, 43, 329 
of 1,4-diazocine derivatives, 45, 210, 211 
of an indazole-4,7-dione, 45, 76 
of methoxatin, 45, 119 
of 5-methoxy-2-methyl-2//-l ,2,4,6-thia- 
triazin-3(4//)-one 1,1-dioxide, 44, 

155 

of 5-methyldibenzothiophenium tetraflu- 
oroborate, 45, 158 

of 5-methylnaphtho[2,3-h]thiophenium 
tetrafluoroborate, 45, 158 


of mitomycin C, 45, 46 
of naphthyridinomycin, 45, 95 
of phenophosphazines, 43, 14 
of porphyrins, 43, 79 
of sarubicin, 45, 109 
of 1,2,6-thiadiazine 1,1-dioxides, 44, 86, 
113 

of thiadiaziridine 1,1-dioxides, 44, 176 
of 1,2,5-thiadiazole 1,1-dioxides, 44, 133 
of thiophenium 5-di (methoxycarbonyl)- 
methylide, 45, 162 

of thiophenium 5-tosylimine, 45, 176 
of 2-trimethylstannyl-2/f-1,3,5\^2,4,6- 
trithiatriazine 1,1-dioxide, 44, 155 
Xyloidine, reactivity, 45, 123 
Xylopinine, synthesis, 42, 248 
o-Xylylenes, as Diels-Alder dienes, 42, 
247, 248 


Y 

Ylid(e)s 

azomethine (review), 45, 231 
thiophenium (review), 45, 159 
Ytterbium complexes in condensation ca¬ 
talysis, 42, 277, 278, 324 

Z 

Zeatin, synthesis, 42, 287 
Zinc chelates in azomethine ylid genera¬ 
tion, 45, 281, 282, 313 
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